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(57) ABSTRACT 

Targetable diagnostic and/or therapeutically active agents, 
eg ultrasound contrast agents, comprising a suspension in 
an aqueous carrier liquid of a reporter comprising gas 
containing or gas-generating material, said agent being 
capable of forming at least tWo types of binding pairs With 
a target. 
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DIAGNOSTIC/ THERAPEUTIC AGENTS 

[0001] This invention relates to diagnostic and/or thera 
peutically active agents, more particularly to diagnostic 
and/or therapeutically active agents incorporating moieties 
having af?nity for sites and/or structures Within the body so 
that diagnostic imaging and/or therapy of particular loca 
tions Within the body may be enhanced. Of particular 
interest are diagnostic agents for use in ultrasound imaging, 
Which are hereinafter referred to as targeted ultrasound 
contrast agents. 

[0002] It is Well knoWn that ultrasonic imaging comprises 
a potentially valuable diagnostic tool, for example in studies 
of the vascular system, particularly in cardiography, and of 
tissue microvasculature. A variety of contrast agents has 
been proposed to enhance the acoustic images so obtained, 
including suspensions of solid particles, emulsi?ed liquid 
droplets, gas bubbles and encapsulated gases or liquids. It is 
generally accepted that loW density contrast agents Which 
are easily compressible are particularly ef?cient in terms of 
the acoustic backscatter they generate, and considerable 
interest has therefore been shoWn in the preparation of 
gas-containing and gas-generating systems. 

[0003] Gas-containing contrast media are also knoWn to 
be effective in magnetic resonance (MR) imaging, eg as 
susceptibility contrast agents Which Will act to reduce MR 
signal intensity. Oxygen-containing contrast media also rep 
resent potentially useful paramagnetic MR contrast agents. 

[0004] Furthermore, in the ?eld of x-ray imaging it has 
been observed that gases such as carbon dioxide may be 
used as negative oral contrast agents or intravascular con 
trast agents. 

[0005] The use of radioactive gases, e.g. radioactive iso 
topes of inert gases such as xenon, has also been proposed 
in scintigraphy, for example for blood pool imaging. 

[0006] Targeted ultrasound contrast agents may be 
regarded as comprising a reporter moiety capable of 
interacting With ultrasound irradiation to generate a detect 
able signal; (ii) one or more vectors having af?nity for 
particular target sites and/or structures Within the body, eg 
for speci?c cells or areas of pathology; and (iii) one or more 
linkers connecting said reporter and vector(s), in the event 
that these are not directly joined. 

[0007] The molecules and/or structure to Which the con 
trast agent is intended to bind Will hereinafter be referred to 
as the target. In order to obtain speci?c imaging of a selected 
region/structure in the body the target must be present and 
available in this region/structure. Ideally it Will be expressed 
only in the region of interest, but usually Will also be present 
at other locations in the body, creating possible background 
problems. The target may either be a de?ned molecular 
species (i.e. a target molecule) or an unknoWn molecule or 
more complex structure (i.e. a target structure) Which is 
present in the area to be imaged, and is able to bind 
speci?cally or selectively to a given vector molecule. 

[0008] The vector is attached to the reporter moiety in 
order to bind these moieties to the region/structure to be 
imaged. The vector may bind speci?cally to a chosen target, 
or it may bind only selectively, having af?nity also for a 
limited number of other molecules/structures, again creating 
possible background problems. 
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[0009] There is a limited body of prior art relating to 
targeted ultrasound contrast agents. Thus, for example, US. 
Pat. No. 5,531,980 is directed to systems in Which the 
reporter comprises an aqueous suspension of air or gas 
microbubbles stabilised by one or more ?lm-forming sur 
factants present at least partially in lamellar or laminar form, 
said surfactant(s) being bound to one or more vectors 
comprising “bioactive species designed for speci?c target 
ing purposes”. It is stated that the microbubbles are not 
directly encapsulated by surfactant material but rather that 
this is incorporated in liquid-?lled liposomes Which stabilise 
the microbubbles. It Will be appreciated that lamellar or 
laminar surfactant material such as phospholipids present in 
such liposomes Will inevitably be present in the form of one 
or more lipid bilayers With the lipophilic tails “back-to 
back” and the hydrophilic heads both inside and outside (see 
eg Schneider, M. on “Liposomes as drug carriers: 10 years 
of research” in Drug targeting, Nyon, SWitZerland, Oct. 3-5, 
1984, Buri, P. and Gumma, A. (Ed), Elsevier, Amsterdam 
1984). 
[0010] ERA-0727225 describes targeted ultrasound con 
trast agents in Which the reporter comprises a chemical 
having a sufficient vapour pressure such that a proportion of 
it is a gas at the body temperature of the subject. This 
chemical is associated With a surfactant or albumin carrier 
Which includes a protein-, peptide- or carbohydrate-based 
cell adhesion molecule ligand as vector. The receptor moi 
eties in such contrast agents correspond to the phase shift 
colloid systems described in WO-A-9416739; it is noW 
recognised that administration of such phase shift colloids 
may lead to generation of microbubbles Which groW uncon 
trollably, possibly to the extent Where they cause potentially 
dangerous embolisation of, for example, the myocardial 
vasculature and brain (see eg SchWarZ, Advances in Echo 
Contrast [1994(3)], pp 48-49). 

[0011] WO-A-9320802 proposes that tissue-speci?c ultra 
sonic image enhancement may be achieved using acousti 
cally re?ective oligolamellar liposomes conjugated to tis 
sue-speci?c ligands such as antibodies, peptides, lectins etc. 
The liposomes are deliberately chosen to be devoid of gas 
and so Will not have the advantageous echogenic properties 
of gas-based ultrasound contrast agents. Further references 
to this technology, eg in targeting to ?brin, thrombi and 
atherosclerotic areas are found in publications by 
Alkanonyuksel, H. et al. in J. Pharm. Sci. (1996) 85(5), 
486-490; J. Am. Coll. Cardiol. (1996) 27(2) Suppl A, 298A; 
and Circulation, 68 Sci. Sessions, Anaheim Nov. 13-16, 
1995. 

[0012] There is also a number of publications concerning 
ultrasound contrast agents Which refer in passing to possible 
use of monoclonal antibodies as vectors Without giving 
signi?cant practical detail and/or to reporters comprising 
materials Which may be taken up by the reticuloendothelial 
system and thereby permit image enhancement of organs 
such as the liver—see, for example WO-A-9300933, WO 
A-9401140, WO-A-9408627, WO-A-9428874, US. Pat. 
Nos. 5,088,499, 5,348,016 and 5,469,854. In general these 
prior art targeted contrast agents are intended to enhance 
contrast at speci?c sites in the body, for example tumour 
cells, by using one vector to bind strongly to one target, in 
order to achieve concentration at the target cells. In contrast 
to this principle of using one vector to bind With high af?nity 
to one target, the present invention is based in part on the 
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?nding that diagnostic and/or therapeutically active agents 
With more favourable properties may be obtained by use of 
multiple kinds of vector-target interactions (e.g. involving 
agents associated With a plurality of different vectors and/or 
With one or more vectors having af?nity for different targets 
on the same or different cell types). In this Way, binding of 
gas-containing and gas-generating diagnostic and/or thera 
peutic agents may, for example, be obtained by forming 
multiple binding pairs betWeen one vector With speci?city 
for more than one receptor or betWeen more than one vector 

With af?nity for one or more types of target, With either loW 
or high af?nities. Such multiple binding of the vector 
conjugated agent to one or more target molecules/structures 
may result in advantageous targeting properties, for example 
by enhancing target speci?city and/or by distinguishing 
interactions at a desired target area from background inter 
actions With loWer levels of molecules/structures similar to 
target expressed elseWhere in the body. 

[0013] It is Well knoWn to use one vector binding With 
high affinity to one target. The present invention, hoWever, 
is based on the ?nding that the desired binding of gas 
containing and gas-generating diagnostic and/or therapeutic 
agents may be obtained by forming multiple binding pairs 
With loW affinity betWeen one type of vector and one type of 
target, or by forming multiple binding pairs betWeen one or 
more types of vectors and one or more types of target, With 
either loW or high af?nities. Thus multiple binding of the 
vector conjugated agent to one or more target molecules/ 
structures may have advantageous targeting properties, for 
example in enhancing target speci?city and/or in distin 
guishing interactions at a desired target area from back 
ground interactions With loWer levels of molecules/struc 
tures similar to target expressed elseWhere in the body. 

[0014] Thus according to one aspect of the present inven 
tion there is provided a targetable diagnostic and/or thera 
peutically active agent, eg an ultrasound contrast agent, 
comprising a suspension in an aqueous carrier liquid, eg an 
injectable carrier liquid, of a reporter comprising gas-con 
taining or gas-generating material characterised in that said 
agent is capable of forming at least tWo types of binding 
pairs, e.g. being conjugated to at least tWo vectors or to one 
vector capable of binding to at least tWo binding sites. 

[0015] One advantageous embodiment of the invention is 
based on the additional ?nding that limited adhesion to 
targets is a highly useful property of diagnostic and/or 
therapeutically active agents, Which property may be 
achieved using vectors giving temporary retention rather 
than ?xed adhesion to a target. Thus such agents, rather than 
being ?xedly retained at speci?c sites, may for example 
effectively exhibit a form of retarded ?oW along the vascular 
endothelium by virtue of their transient interactions With 
endothelial cells. Such agents may thus become concen 
trated on the Walls of blood vessels, in the case of ultrasound 
contrast agents providing enhanced echogenicity thereof 
relative to the bulk of the bloodstream, Which is devoid of 
anatomical features. They therefore may permit enhanced 
imaging of the capillary system, including the microvascu 
lature, and so may facilitate distinction betWeen normal and 
inadequately perfused tissue, eg in the heart, and may also 
be useful in visualising structures such as Kupffer cells, 
thrombi and atherosclerotic lesions or for visualising neo 
vasculariZed and in?amed tissue areas. The present inven 
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tion is Well suited to imaging changes occurring in normal 
blood vessels Which are situated in areas of tissue necrosis. 

[0016] It Will be appreciated that binding af?nities are 
dependent on numbers of interactions as Well as their 
strength. The density of vector molecules at the surface of 
the reporter units may therefore be selected so as appropri 
ately to adjust the degree of interactions betWeen particular 
agents and targets. 

[0017] The term multiple-speci?city is also used to 
describe an injectable carrier liquid, of gas-containing or 
gas-generating material composed of one or more vectors 
With a speci?city for one or more cellular surface receptors 
While at the same time comprising a second element With 
speci?city for a substrate or receptor system binding to 
Which induces a therapeutic response. Thus included Within 
the scope of the present invention are multiple-speci?c 
imaging agents comprising a targeting vector, such as the 
anti-?brin antibody described by LanZa et al. (Circulation, 
(1996) 94 (12),pp 3334), annexin V atherosclerotic plaque 
binding peptides such as YRALVDTLK, or any other vector 
knoWn to associate With ?brin clots, in combination With a 
drug or enZyme With ?brinolytic activity such as streptoki 
nase, plasminogen activator (tPA), urokinase (uPA) or 
prourokinase (scuPA) resulting in a localised therapeutic 
antithrombotic effect. This invention is also extended to 
include vectors With increased speci?city for tumour cells in 
combination With vectors or drug molecules functioning as 
chemotherapeutic agents capable of inhibiting tumour 
groWth. 

[0018] It is Well knoWn that many, if not all, target 
molecules are not expressed exclusively at target sites; a 
common situation is that such molecules are over-expressed 
by target cells or at a target structure but are also expressed 
at loWer levels elseWhere in the body. The use of reporters 
carrying a multiplicity of vectors With relatively loW affinity 
for the target may be advantageous in this situation, since the 
reporter Will then tend to concentrate in regions of high 
target density Which permit multiple (and therefore strong) 
binding to the reporter (eg a gas-containing agent incor 
porating the vectors folic acid and glutathione for multiple 
speci?c binding to folic acid receptors and glutathione-S 
trasferase receptors respectively Which are over-expressed 
as tumour cells). Areas of loW target density, on the other 
hand, Will not provide suf?cient interaction With such loW 
af?nity vectors to bind the target. In such embodiments of 
the invention, loW af?nity vectors may be regarded as having 
an association constant Ka for interaction With a target 
molecule or structure of less than 108 M_1, e.g. less than 107 
M_1, preferably less than 106 M_1. Afurther embodiment of 
this invention is thus based on the ?nding that the desired 
binding of gas-containing and gas-generating diagnostic 
and/or therapeutic agents may be obtained by forming 
binding pairs With loW af?nity betWeen more than one type 
of vector and one or more type of target. Multiple vectors 
may therefore be used to increase speci?city, so that the 
reporter Will bind only to target cells or structures expressing 
a particular combination of target molecules. 

[0019] It may also be useful to select a plurality of vectors 
Which bind to different parts, eg epitopes, of a target 
structure in order to give increased binding strength. This 
may be particularly advantageous When the target density is 
loW. 
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[0020] Products comprising tWo or more vectors With 
different speci?cities, i.e. Which bind to different target 
molecules on different cells, may advantageously be used as 
“general purpose” agents for detection of a range of dis 
eases, e.g. different forms of cancer. Thus, for example, the 
use of such agents may enable detection of metastases, 
Which are often heterogeneous With respect to expression of 
target molecules (i.e. antigens). 

[0021] Within the context of the present invention, the 
reporter unit Will usually remain attached to the vectors. In 
another type of targeting procedure, sometimes called pre 
targeting, the vector (often, a monoclonal antibody) is 
administered alone; subsequently, the reporter is adminis 
tered, coupled to a moiety Which is capable of speci?cally 
binding the vector molecule (When the vector is an antibody, 
the reporter may be coupled to an immunoglobulin-binding 
molecule, such as protein A or an anti-immunoglobulin 
antibody). An advantage of this protocol is that time may be 
alloWed for elimination of the vector molecules that do not 
bind their targets, substantially reducing the background 
problems that are connected With the presence of an excess 
of reporter-vector conjugate. Within the context of the 
present invention, pre-targeting With one speci?c vector 
might be envisaged, folloWed by reporter units that are 
coupled to another vector and a moiety Which binds the ?rst 
vector. 

[0022] Within the context of the present invention, in 
some cases and in particular for the assessment of blood 
perfusion rates in de?ned areas, for example in myocardium, 
it is of interest to measure the rate at Which ultrasound 
contrast agents bound to the target are displaced or released 
from the target. This can be achieved in a controlled fashion 
by subsequent administration of a vector or other agent able 
to displace or release the contrast agent from the target. 

[0023] Vectors useful in accordance With the invention 
include ligands for cell adhesion proteins, as Well as cell 
adhesion proteins themselves Where these have correspond 
ing ligands on endothelial cell surfaces. Examples of cell 
adhesion proteins include integrins, most of Which bind the 
Arg-Gly-Asp (RGD) amino acid sequence. If desired, the 
vector may be targeted to speci?c cell adhesion proteins 
expressed mainly on activated endothelial cells such as are 
found at or close to sites of in?ammation or other patho 
logical responses. Other vectors Which may be used include 
proteins and peptides that bind to cell-surface proteoglycans, 
Which are complexes of proteins and sulphated polysaccar 
ides found on most cells, including endothelial cells. Such 
proteoglycans contribute to the negative surface charge of 
all nucleated cells from vertebrate animals; this charge may 
also be exploited in accordance With the invention by using 
positively charged vectors, e.g. comprising cationic lipids, 
Which Will interact electrostatically With the endothelial 
surface. 

[0024] A further aspect of the present invention is for 
example Where a vector or vectors is attached to the reporter 
or included non-covalently into the reporter in a manner 
Where the said vector or vectors is not readily exposed to the 
targets or receptors. Increased tissue speci?city may there 
fore be achieved by applying an additional process to expose 
the vectors, eg the agent is exposed after administration to 
external ultrasound to change the diffusibility of the moieties 
containing the vectors. 
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[0025] The reporter may be in any convenient form, for 
example being any appropriate gas-containing or gas-gen 
erating ultrasound contrast agent formulation. Representa 
tive examples of such formulations include microbubbles of 
gas stabilised (eg at least partially encapsulated) by a 
coalescence-resistant surface membrane (for example gela 
tin, eg as described in WO-A-8002365), a ?lmogenic 
protein (for example an albumin such as human serum 
albumin, eg as described in Us. Pat. Nos. 4,718,433, 
4,774,958, 4,844,882, EP-A-0359246, WO-A-9112823, 
WO-A-9205806, WO-A-9217213, WO-A-9406477 or WO 
A-9501187), a polymer material (for example a synthetic 
biodegradable polymer as described in EP-A-0398935, an 
elastic interfacial synthetic polymer membrane as described 
in EP-A-0458745, a microparticulate biodegradable polyal 
dehyde as described in EP-A-0441468, a microparticulate 
N-dicarboxylic acid derivative of a polyamino acid-polycy 
clic imide as described in EP-A-0458079, or a biodegrad 
able polymer as described in WO-A-9317718 or WO-A 
9607434), a non-polymeric and non-polymerisable Wall 
forming material (for example as described in WO-A 
9521631), or a surfactant (for example a polyoxyethylene 
polyoxypropylene block copolymer surfactant such as a 
Pluronic, a polymer surfactant as described in WO-A 
9506518, or a ?lm-forming surfactant such as a phospho 
lipid, eg as described in WO-A-9211873, WO-A-9217212, 
WO-A-9222247, WO-A-9428780 or WO-A-9503835). 

[0026] Other useful gas-containing contrast agent formu 
lations include gas-containing solid systems, for example 
microparticles (especially aggregates of microparticles) hav 
ing gas contained thereWithin or otherWise associated there 
With (for example being adsorbed on the surface thereof 
and/or contained Within voids, cavities or pores therein, eg 
as described in EP-A-0122624, EP-A-0123235, EP-A 
0365467, WO-A-9221382, WO-A-9300930, WO-A 
9313802, WO-A-9313808 or WO-A-9313809). It Will be 
appreciated that the echogenicity of such microparticulate 
contrast agents may derive directly from the contained/ 
associated gas and/or from gas (e.g. microbubbles) liberated 
from the solid material (eg upon dissolution of the micro 
particulate structure). 
[0027] The disclosures of all of the above-described docu 
ments relating to gas-containing contrast agent formulations 
are incorporated herein by reference. 

[0028] Gas microbubbles and other gas-containing mate 
rials such as microparticles preferably have an initial aver 
age siZe not exceeding 10 pm (eg of 7 pm or less) in order 
to permit their free passage through the pulmonary system 
folloWing administration, eg by intravenous injection. 

[0029] Where phospholipid-containing compositions are 
employed in accordance With the invention, eg in the form 
of phospholipid-stabilised gas microbubbles, representative 
examples of useful phospholipids include lecithins (i.e. 
phosphatidylcholines), for example natural lecithins such as 
egg yolk lecithin or soya bean lecithin and synthetic or 
semisynthetic lecithins such as dimyristoylphosphatidylcho 
line, dipalmitoylphosphatidylcholine or distearoylphos 
phatidylcholine; phosphatidic acids; phosphatidylethanola 
mines; phosphatidylserines; phosphatidylglycerols; 
phosphatidylinositols; cardiolipins; sphingomyelins; ?uori 
nated analogues of any of the foregoing; mixtures of any of 
the foregoing and mixtures With other lipids such as cho 
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lesterol. The use of phospholipids predominantly (eg. at 
least 75%) comprising molecules individually bearing net 
overall charge, e.g. negative charge, for example as in 
naturally occurring (e.g. soya bean or egg yolk derived), 
semisynthetic (e.g. partially or fully hydrogenated) and 
synthetic phosphatidylserines, phosphatidylglycerols, phos 
phatidylinositols, phosphatidic acids and/or cardiolipins, 
may be particularly advantageous. 

[0030] Other exemplary lipids Which may be used to 
prepare gas-containing contrast agents include fatty acids, 
stearic acid, palmitic acid, 2-n-hexadecylstearic acid, oleic 
acid and other acid containing lipid structures. These lipid 
structures are considered particularly interesting When 
coupled by amide bond formation to amino acids containing 
one or more amino groups. The resulting lipid modi?ed 
amino acids (eg. dipalmitoyllysine, distearoyl-2,3-diamino 
propionic acid) are considered useful precursors for the 
attachment of functionalised spacer elements featuring cou 
pling sites for conjugation of one or more vector molecules. 

[0031] A further extension of this invention relates to the 
synthesis of lipopeptide structures comprising a lipid 
reporter attached to a linker portion (e.g. PEG, polyamino 
acid, alkylhalide etc) the said linker being suitably func 
tionalised for coupling to one or more vector molecules. A 
particular preference is the inclusion of a positively charged 
linker element (eg. tWo or more lysine residues) for anchor 
ing of the reporter element in the microbubble through 
electrostatic interaction With the negatively charged mem 
brane. Multiple-speci?c targeting is achievable by mixing 
and ‘doping’ of phospholipid gas-containing structures With 
one or more targeted lipopeptide sequences. Multiple-speci 
?city can also be achieved by assembling more than one 
vector on a branched lysine core structure such as those 

described by Tam et. al. (Proc. Natl. Acad. Sci. USA, 1989, 
86, 9084) or by incorporating multiple vectors in a linear 
sequence. Multiple-speci?city can also be achieved using 
lipopeptides or phospholipids comprising combinatorial 
libraries synthesised by chemical synthesis as described by 
LoWe (Combinatorial Chemistry, Chemical Society 
RevieWs, 1995, 309-317). 

[0032] Also Within the scope of this invention are func 
tionalised microbubbles carrying one or more reactive 
groups for non-speci?c reaction With receptor molecules 
located on cell surfaces. Microbubbles comprising a thiol 
moiety,for example, can bind to cell surface receptors via 
disulphide exchange reactions. The reversible nature of this 
covalent bond means that bubble How can be controlled by 
altering the redox environment. Similarly ‘activated’ 
microbubbles of membranes comprising active esters such 
as N-hydroxysuccinimide esters can be used to modify 
amino groups found on a multiplicity of cell surface mol 
ecules. 

[0033] Representative examples of gas-containing micro 
particulate materials Which may be useful in accordance 
With the invention include carbohydrates (for example hex 
oses such as glucose, fructose or galactose; disaccharides 
such as sucrose, lactose or maltose; pentoses such as arabi 
nose, xylose or ribose; ot-, [3- and y-cyclodextrins; polysac 
charides such as starch, hydroxyethyl starch, amylose, amy 
lopectin, glycogen, inulin, pulullan, dextran, carboxymethyl 
dextran, dextran phosphate, ketodextran, aminoethyldext 
ran, alginates, chitin, chitosan, hyaluronic acid or heparin; 
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and sugar alcohols, including alditols such as mannitol or 
sorbitol), inorganic salts (e. g. sodium chloride), organic salts 
(eg. sodium citrate, sodium acetate or sodium tartrate), 
X-ray contrast agents (eg. any of the commercially avail 
able carboxylic acid and non-ionic amide contrast agents 
typically containing at least one 2,4,6-triiodophenyl group 
having substituents such as carboxyl, carbamoyl, N-alkyl 
carbamoyl, N-hydroxyalkylcarbamoyl, acylamino, N-alky 
lacylamino or acylaminomethyl at the 3- and/or 5-positions, 
as in metriZoic acid, diatriZoic acid, iothalamic acid, ioxaglic 
acid, iohexol, iopentol, iopamidol, iodixanol, iopromide, 
metriZamide, iodipamide, meglumine iodipamide, meglu 
mine acetriZoate and meglumine diatriZoate), and polypep 
tides and proteins (e.g. gelatin or albumin such as human 
serum albumin). 

[0034] Any biocompatible gas may be present in the 
reporter of contrast agents according to the invention, the 
term “gas” as used herein including any substances (includ 
ing mixtures) substantially or completely in gaseous (includ 
ing vapour) form at the normal human body temperature of 
37° C. The gas may thus, for example, comprise air; 
nitrogen; oxygen; carbon dioxide; hydrogen; an inert gas 
such as helium, argon, xenon or krypton; a sulphur ?uoride 
such as sulphur hexa?uoride, disulphur deca?uoride or 
tri?uoromethylsulphur penta?uoride; selenium hexa?uo 
ride; an optionally halogenated silane such as methylsilane 
or dimethylsilane; a loW molecular Weight hydrocarbon (e.g. 
containing up to 7 carbon atoms), for example an alkane 
such as methane, ethane, a propane, a butane or a pentane, 
a cycloalkane such as cyclopropane, cyclobutane or cyclo 
pentane, an alkene such as ethylene, propene, propadiene or 
a butene, or an alkyne such as acetylene or propyne; an ether 

such as dimethyl ether; a ketone; an ester; a halogenated loW 
molecular Weight hydrocarbon (erg. containing up to 7 
carbon atoms); or a mixture of any of the foregoing. Advan 
tageously at least some of the halogen atoms in halogenated 
gases are ?uorine atoms; thus biocompatible halogenated 
hydrocarbon gases may, for example, be selected from 
bromochlorodi?uoromethane, chlorodi?uoromethane, 
dichlorodi?uoromethane, bromotri?uoromethane, chlorotri 
?uoromethane, chloropenta?uoroethane, dichlorotetra?uo 
roethane, chlorotri?uoroethylene, ?uoroethylene, ethyl?uo 
ride, 1,1-di?uoroethane and per?uorocarbons, e.g. 
per?uoroalkanes such as per?uoromethane, per?uoroethane, 
per?uoropropanes, per?uorobutanes (e.g. per?uoro-n-bu 
tane, optionally in admixture With other isomers such as 
per?uoro-iso-butane), per?uoropentanes, per?uorohexanes 
and per?uoroheptanes; per?uoroalkenes such as per?uoro 
propene, per?uorobutenes (e.g. per?uorobut-2-ene) and per 
?uorobutadiene; per?uoroalkynes such as per?uorobut-2 
yne; and per?uorocycloalkanes such as 
per?uorocyclobutane, per?uoromethylcyclobutane, per?uo 
rodimethylcyclobutanes, per?uorotrimethylcyclobutanes, 
per?uorocyclopentane, per?uoromethylcyclopentane, per 
?uorodimethylcyclopentanes, per?uorocyclohexane, per 
?uoromethylcyclohexane and per?uorocycloheptane. Other 
halogenated gases include methyl chloride, ?uorinated (e.g. 
per?uorinated) ketones such as per?uoroacetone and ?uori 
nated (e.g. per?uorinated) ethers such as per?uorodiethyl 
ether. The use of per?uorinated gases, for example sulphur 
hexa?uoride and per?uorocarbons such as per?uoropro 
pane, per?uorobutanes and per?uoropentanes, may be par 
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ticularly advantageous in vieW of the recognised high sta 
bility in the bloodstream of microbubbles containing such 
gases. 

[0035] The reporter may be made by any convenient 
process, for example by making gas-containing or gas 
generating formulations. Representative examples include 
the preparation of a suspension of gas microbubbles by 
contacting a surfactant With gas and mixing them in the 
presence of an aqueous carrier, as described in WO 9115244; 
or by atomising a solution or dispersion of a Wall-forming 
material in the presence of a gas in order to obtain holloW 
microcapsules, as described in EP 512693A1; preparation of 
solid microspheres by a double emulsion process, as 
described in Us. Pat. No. 5,648,095; or a process for 
forming holloW microcapsules by spray-drying as described 
in EP 681843A2; or preparing gas-?lled liposomes by 
shaking an aqueous solution comprising a lipid in the 
presence of a gas as described in Us. Pat. No. 5,469,854. 

[0036] A suitable process for attachment of the desired 
vector to the reporter comprises a surface modi?cation of the 
preformed reporter With a suitable linker employing reactive 
groups on the surface of both the reporter and vector. It may 
be particularly advantageous physically to mix the reporter 
material With the vector-containing substance at any step of 
the process. Such a process Will result in incorporation or an 
attachment of the vector to the reporter. An optional process 
step may remove the excess of vector not bound to the 
reporter by Washing the gas-containing particles folloWing 
separation, by for example, ?oatation. A preferred aspect is 
the use of lipopeptide structures incorporating functional 
groups such as thiol, maleimide biotin etc. Which can be 
premixed if desired With other reporter molecules before 
formation of gas-containing agents. The attachment of vec 
tor molecules may be carried out using the linker reagents 
listed beloW. 

[0037] Linking of a reporter unit to the desired vectors 
may be achieved by covalent or non-covalent means, usually 
involving interaction With one or more functional groups 
located on the reporter and/or vectors. Examples of chemi 
cally reactive functional groups Which may be employed for 
this purpose include amino, hydroxyl, sulfhydryl, carboxyl, 
and carbonyl groups, as Well as carbohydrate groups, vicinal 
diols, thioethers, 2-aminoalcohols, 2-aminothiols, guanidi 
nyl, imidaZolyl and phenolic groups. 

[0038] Covalent coupling of reporter and vectors may 
therefore be effected using linking agents containing reac 
tive moieties capable of reaction With such functional 
groups. Examples of reactive moieties capable of reaction 
With sulfhydryl groups include ot-haloacetyl compounds of 
the type X—CH2CO— (Where X=Br, Cl or I), Which shoW 
particular reactivity for sulfhydryl groups but Which can also 
be used to modify imidaZolyl, thioether, phenol and amino 
groups as described by Gurd, F. R. N. in Methods Enzymol. 
(1967) 11, 532. N-Maleimide derivatives are also considered 
selective toWards sulfhydryl groups, but may additionally be 
useful in coupling to amino groups under certain conditions. 
N-maleimides may be incorporated into linking systems for 
reporter-vector conjugation as described by KitagaWa, T. et 
al. in Chem. Pharm. Bull. (1981) 29, 1130 or used as 
polymer crosslinkers for bubble stabilisation as described by 
Kovacic, P. et al. in J. Am. Chem. Soc. (1959) 81, 1887. 
Reagents such as 2-iminothiolane, eg as described by 
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Traut, R. et al. in Biochemistry (1973) 12, 3266, Which 
introduce a thiol group through conversion of an amino 
group, may be considered as sulfhydryl reagents if linking 
occurs through the formation of disulphide bridges. Thus 
reagents Which introduce reactive disulphide bonds into 
either the reporter or the vectors may be useful, since linking 
may be brought about by disulphide exchange betWeen the 
vector and reporter; examples of such reagents include 
Ellman’s reagent (DTNB), 4,4‘-dithiodipyridine, methyl-3 
nitro-2-pyridyl disulphide and methyl-2-pyridyl disulphide 
(described by Kimura, T. et al. in Analyt. Biochem. (1982) 
122, 271). 
[0039] Examples of reactive moieties capable of reaction 
With amino groups include alkylating and acylating agents. 
Representative alkylating agents include: 

[0040] i) ot-haloacetyl compounds, Which shoW 
speci?city toWards amino groups in the absence of 
reactive thiol groups and are of the type 
X—CH2CO— (Where X=Cl, Br or I), eg as 
described by Wong, Y-H. H. in Biochemistry (1979) 
24, 5337; 

[0041] ii) N-maleimide derivatives, Which may react 
With amino groups either through a Michael type 
reaction or through acylation by addition to the ring 
carbonyl group as described by Smyth, D. G. et al. in 
J. Am. Chem. Soc. (1960) 82, 4600 and Biochem. J. 
(1964) 91, 589; 

[0042] iii) aryl halides such as reactive nitrohaloaro 
matic compounds; 

[0043] iv) alkyl halides as described by McKenzie, J. 
A. et al. in J. Protein Chem. (1988) 7, 581; 

[0044] v) aldehydes and ketones capable of Schiff’s 
base formation With amino groups, the adducts 
formed usually being stabilised through reduction to 
give a stable amine; 

[0045] vi) epoxide derivatives such as epichlorohy 
drin and bisoxiranes,Which may react With amino, 
sulfhydryl or phenolic hydroxyl groups; 

[0046] vii) chlorine-containing derivatives of s-triaZ 
ines, Which are very reactive toWards nucleophiles 
such as amino, sufhydryl and hydroxy groups; 

[0047] viii) aZiridines based on s-triaZine compounds 
detailed above, eg as described by Ross, W. C. J. in 
Adv. Cancer Res. (1954) 2, 1, Which react With 
nucleophiles such as amino groups by ring opening; 

[0048] ix) squaric acid diethyl esters as described by 
TietZe, L. F. in Chem. Ber (1991) 124, 1215; and 

[0049] x) ot-haloalkyl ethers, Which are more reactive 
alkylating agents than normal alkyl halides because 
of the activation caused by the ether oxygen atom, 
eg as described by Benneche, T. et al. in Eur J. 
Med. Chem. (1993) 28, 463. 

[0050] Representative amino-reactive acylating agents 
include: 

[0051] i) isocyanates and isothiocyanates, particu 
larly aromatic derivatives, Which form stable urea 
and thiourea derivatives respectively and have been 
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used for protein crosslinking as described by Schick, 
A. F. et al. in J. Biol. Chem. (1961) 236, 2477; 

[0052] ii) sulfonyl chlorides, Which have been 
described by HerZig, D. J. et al. in Biopolymers 
(1964) 2, 349 and Which may be useful for the 
introduction of a ?uorescent reporter group into the 
linker; 

[0053] iii) Acid halides; 
[0054] iv) Active esters such as nitrophenylesters or 

N-hydroxysuccinimidyl esters; 

[0055] v) acid anhydrides such as mixed, symmetri 
cal or N-carboxyanhydrides; 

[0056] vi) other useful reagents for amide bond for 
mation as described by Bodansky, M. et al. in 
‘Principles of Peptide Synthesis’ (1984) Springer 
Verlag; 

[0057] vii) acylaZides, e.g. Wherein the aZide group is 
generated from a preformed hydraZide derivative 
using sodium nitrite, eg as described by WetZ, K. et 
al. in Anal. Biochem. (1974) 58, 347; 

[0058] viii) aZlactones attached to polymers such as 
bis-acrylamide, eg as described by Rasmussen, J. 
K. in Reactive Polymers (1991) 16, 199; and 

[0059] ix) Imidoesters, Which form stable amidines 
on reaction With amino groups, eg as described by 
Hunter, M. J. and LudWig, M. L. in J. Am. Chem. 
Soc. (1962) 84, 3491. 

[0060] Carbonyl groups such as aldehyde functions may 
be reacted With Weak protein bases at a pH such that 
nucleophilic protein side-chain functions are protonated. 
Weak bases include 1,2-aminothiols such as those found in 
N-terminal cysteine residues, Which selectively form stable 
5-membered thiaZolidine rings With aldehyde groups, eg as 
described by Ratner, S. et al. in J.Am. Chem. Soc. (1937) 59, 
200. Other Weak bases such as phenyl hydraZones may be 
used, eg as described by HeitZman, H. et al. in Proc. Natl. 
Acad. Sci. USA (1974) 71, 3537. 

[0061] Aldehydes and ketones may also be reacted With 
amines to form Schiff’s bases, Which may advantageously be 
stabilised through reductive amination. Alkoxylamino moi 
eties readily react With ketones and aldehydes to produce 
stable alkoxamines, eg as described by Webb, R. et al. in 
Bioconjugate Chem. (1990) 1, 96. 

[0062] Examples of reactive moieties capable of reaction 
With carboxyl groups include diaZo compounds such as 
diaZoacetate esters and diaZoacetamides, Which react With 
high speci?city to generate ester groups, e. g. as described by 
Herriot R. M. in Adv. Protein Chem. (1947) 3, 169. Car 
boxylic acid modifying reagents such as carbodiimides, 
Which react through O-acylurea formation folloWed by 
amide bond formation, may also usefully be employed; 
linking may be facilitated through addition of an amine or 
may result in direct vector-receptor coupling. Useful Water 
soluble carbodiimides include 1-cyclohexyl-3-(2-morpholi 
nyl-4-ethyl)carbodiimide (CMC) and 1-ethyl-3-(3-dimethy 
laminopropyl)carbodiimide (EDC), eg as described by Zot, 
H. G. and Puett, D. in J. Biol. Chem. (1989) 264, 15552. 
Other useful carboxylic acid modifying reagents include 
isoxaZolium derivatives such as WoodWards reagent K; 
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chloroformates such as p-nitrophenylchloroformate; carbo 
nyldiimidaZoles such as 1,1‘-carbonyldiimidaZole; and 
N-carbalkoxydihydroquinolines such as N-(ethoxycarbo 
nyl)-2-ethoxy-1,2-dihydroquinoline. 

[0063] Other potentially useful reactive moieties include 
vicinal diones such as p-phenylenediglyoxal, Which may be 
used to react With guanidinyl groups, eg as described by 
Wagner et al. in Nucleic acid Res. (1978) 5, 4065; and 
diaZonium salts, Which may undergo electrophilic substitu 
tion reactions, eg as described by IshiZaka, K. and IshiZaka 
T. in J. Immunol. (1960) 85, 163. Bis-diaZonium compounds 
are readily prepared by treatment of aryl diamines With 
sodium nitrite in acidic solutions. It Will be appreciated that 
functional groups in the reporter and/or vector may if 
desired be converted to other functional groups prior to 
reaction, eg to confer additional reactivity or selectivity. 
Examples of methods useful for this purpose include con 
version of amines to carboxylic acids using reagents such as 
dicarboxylic anhydrides; conversion of amines to thiols 
using reagents such as N-acetylhomocysteine thiolactone, 
S-acetylmercaptosuccinic anhydride, 2-iminothiolane or 
thiol-containing succinimidyl derivatives; conversion of thi 
ols to carboxylic acids using reagents such as ot-haloac 
etates; conversion of thiols to amines using reagents such as 
ethylenimine or 2-bromoethylamine; conversion of carboxy 
lic acids to amines using reagents such as carbodiimides 
folloWed by diamines; and conversion of alcohols to thiols 
using reagents such as tosyl chloride folloWed by transes 
teri?cation With thioacetate and hydrolysis to the thiol With 
sodium acetate. 

[0064] Vector-receptor coupling may also be effected 
using enZymes as Zero-length crosslinking agents; thus, for 
example, transglutaminase, peroxidase and xanthine oxidase 
have been used to produce crosslinked products. Reverse 
proteolysis may also be used for crosslinking through amide 
bond formation. 

[0065] Non-covalent vector-receptor coupling may, for 
example, be effected by electrostatic charge interactions eg 
between a polylysinyl-functionalised reporter and a poly 
glutamyl-functionalised vector, through chelation in the 
form of stable metal complexes or through high affinity 
binding interaction such as avidin/biotin binding. Polyl 
ysine, coated non-covalently to the negatively charged 
membrane surface can also increase non-speci?cally the 
affinity of a microbubble for a cell through charge interac 
tions. 

[0066] Alternatively, vectors may be coupled to a protein 
or peptide sequence knoWn to bind phospholipids. In many 
instances, a single molecule of phospholipid may attach to 
a protein such as a translocase, While other proteins may 
attach to surfaces consisting mainly of phospholipid head 
groups and so may be used to attach vectors to phospholipid 
microspheres; one example of such a protein is [32-glyco 
protein I (Chonn, A., Semple, SC. and Cullis, P. R., Journal 
of Biological Chemistry (1995) 270, 25845-25849). Phos 
phatidylserine-binding proteins have been described, e. g. by 
Igarashi, K. et al. in Journal of Biological Chemistry 
270(49), 29075-29078. Annexins are a class of phospho 
lipid-binding proteins, many of Which bind particularly 
avidly to phosphatidyl-serine (revieWed in Raynal, P. and H. 
B. Pollard. Annexins: the problem of assessing the biologi 
cal role for a gene family of multifunctional calcium- and 
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phospholipid-binding proteins”. Biochim. Biophys. Acta 
1197: 63-93). A conjugate of a vector With such a phos 
phatidylserine-binding protein may therefore be used to 
attach the vector to phosphatidylserine-encapsulated 
microbubbles. When the amino acid sequence of a binding 
protein is knoWn, the phospholipid-binding portion may be 
synthesised or isolated and used for conjugation With a 
vector, thus avoiding the biological activity Which may be 
located elseWhere in the molecule. 

[0067] It is also possible to obtain molecules that bind 
speci?cally to the surface (or in the “membrane”) of micro 
spheres by direct screening of molecular libraries for micro 
sphere-binding molecules. For example, phage libraries dis 
playing small peptides could be used for such selection. The 
selection may be made by simply mixing the microspheres 
and the phage display library and eluting the phages binding 
to the ?oating microspheres. If desired, the selection can be 
done under “physiological conditions” (eg in blood) to 
eliminate peptides Which cross-react With blood compo 
nents. An advantage of this type of selection procedure is 
that only binding molecules that do not destabiliZe the 
microspheres should be selected, since only binding mol 
ecules attached to intact ?oating microspheres Will rise to 
the top. It may also be possible to introduce some kind of 
“stress” during the selection procedure (e.g. pressure) to 
ensure that destabiliZing binding moieties are not selected. 
Furthermore the selection could be done under shear con 
ditions eg by ?rst letting the phages react With the micro 
spheres and then letting the microspheres pass through a 
surface coated With anti-phage antibodies under ?oW con 
ditions. In this Way it may be possible to select binders 
Which may resist shear conditions present in vivo. Binding 
moieties identi?ed in this Way may be coupled (chemically 
via peptide synthesis, or at the DNA-level using recombi 
nant vectors) to a vector molecule, constituting a general 
tool for attaching any vector molecule to the microspheres. 

[0068] Avector Which comprises or is coupled to a peptide 
or lipopeptide linker Which contains a element capable of 
mediating membrane insertion may also be useful. One 
example is described by Leenhouts, J. M. et al. in Febs 
Letters (1995) 370(3), 189-192. Non-bioactive molecules 
consisting of knoWn membrane insertion anchor/signal 
groups may also be used as vectors for certain applications, 
an example being the H1 hydrophobic segment from the 
Na,K-ATPase ot-subunit described by Xie, Y. and Morimoto, 
T. in J. Biol. Chem. (1995) 270(20), 11985-11991. The 
anchor group may also be fatty acid(s) or cholesterol. 

[0069] Coupling may also be effected using avidin or 
streptavidin, Which have four high af?nity binding sites for 
biotin. Avidin may therefore be used to conjugate vector to 
reporter if both vector and reporter are biotinylated. 
Examples are described by Bayer, E. A. and Wilchek, M. in 
Methods Biochem. Anal. (1980) 26, 1. This method may also 
be extended to include linking of reporter to reporter, a 
process Which may encourage bubble association and con 
sequent potentially increased echogenicity. 

[0070] Non-covalent coupling may also utilise the bifunc 
tional nature of bispeci?c immunoglobulins. These mol 
ecules can speci?cally bind tWo antigens, thus linking them. 
For example, either bispeci?c IgG or chemically engineered 
bispeci?c F(ab)‘2 fragments may be used as linking agents. 
Heterobifunctional bispeci?c antibodies have also been 
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reported for linking tWo different antigens, eg as described 
by Bode, C. et al. in J. Biol. Chem. (1989) 264, 944 and by 
StaerZ, U. D. et al. in Proc. Natl. Acad. Sci. USA (1986) 83, 
1453. Similarly, any reporter and/or vector containing tWo or 
more antigenic determinants (eg as described by Chen, Aa 
et al. in Am. J. Pathol. (1988) 130, 216) may crosslink 
antibody molecules and lead to formation of multi-bubble 
cross-linked assemblies of potentially increased echogenic 

[0071] So-called Zero-length linking agents, Which induce 
direct covalent joining of tWo reactive chemical groups 
Without introducing additional linking material (eg as in 
amide bond formation induced using carbodiimides or enZy 
matically) may, if desired, be used, as may agents such as 
biotin/avidin systems Which induce non-covalent reporter 
vector linking and agents Which induce hydrophobic or 
electrostatic interactions. 

[0072] Most commonly, hoWever, the linking agent Will 
comprise tWo or more reactive moieties, eg as described 
above, connected by a spacer element. The presence of such 
a spacer permits bifunctional linkers to react With speci?c 
functional groups Within a molecule or betWeen tWo differ 
ent molecules, resulting in a bond betWeen these tWo com 
ponents and introducing extrinsic linker-derived material 
into the reporter-vector conjugate. The reactive moieties in 
a linking agent may be the same (homobifunctional agents) 
or different (heterobifunctional agents or, Where several 
dissimilar reactive moieties are present, heteromultifunc 
tional agents), providing a diversity of potential reagents 
that may bring about covalent bonding betWeen any chemi 
cal species, either intramolecularly or intermolecularly. 

[0073] The nature of extrinsic material introduced by the 
linking agent may have a critical bearing on the targeting 
ability and general stability of the ultimate product. Thus it 
may be desirable to introduce labile linkages, e.g. containing 
spacer arms Which are biodegradable or chemically sensitive 
or Which incorporate enZymatic cleavage sites. Alternatively 
the spacer may include polymeric components, eg to act as 
surfactants and enhance bubble stability. The spacer may 
also contain reactive moieties, eg as described above to 
enhance surface crosslinking, or it may contain a tracer 
element such as a ?uorescent probe, spin label or radioactive 
material. 

[0074] Spacer elements may typically consist of aliphatic 
chains Which effectively separate the reactive moieties of the 
linker by distances of betWeen 5 and 30 They may also 
comprise macromolecular structures such as polytethylene 
glycols). Such polymeric structures, hereinafter referred to 
as PEGs, are simple, neutral polyethers Which have been 
given much attention in biotechnical and biomedical appli 
cations (see eg Milton Harris, J. (ed) “Poly/(ethylene glycol) 
chemistry, biotechnical and biomedical applications ”Ple 
num Press, NeW York, 1992). PEGs are soluble in most 
solvents, including Water, and are highly hydrated in aque 
ous environments, With tWo or three Water molecules bound 
to each ethylene glycol segment; this has the effect of 
preventing adsorption either of other polymers or of proteins 
onto PEG-modi?ed surfaces. PEGs are knoWn to be non 
toxic and not to harm active proteins or cells, Whilst 
covalently linked PEGs are knoWn to be non-immunogenic 
and non-antigenic. Furthermore, PEGs may readily be modi 
?ed and bound to other molecules With only little effect on 
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their chemistry. Their advantageous solubility and biological 
properties are apparent from the many possible uses of PEGs 
and copolymers thereof, including block copolymers such as 
PEG-polyurethanes and PEG-polypropylenes. 

[0075] Appropriate molecular Weights for PEG spacers 
used in accordance With the invention may, for example, be 
betWeen 120 Daltons and 20 kDaltons. 

[0076] The major mechanism for uptake of particles by the 
cells of the reticuloendothelial system (RES) is opsonisation 
by plasma proteins in blood; these mark foreign particles 
Which are then taken up by the RES. The biological prop 
erties of PEG spacer elements used in accordance With the 
invention may serve to increase contrast agent circulation 
time in a similar manner to that observed for PEGylated 
liposomes (see eg Klibanov, A. L. et al. in FEBS Letters 
(1990) 268, 235-237 and Blume, G. and Cevc, G. in Bio 
chim. Biophys. Acta (1990) 1029, 91-97). 

[0077] Other potentially useful protein modi?cations 
Which can be made to vectors include partial or complete 
deglycosidation by neuraminidase, endoglycosydases or 
periodate, since deglycosidation often results in less uptake 
by liver, spleen, macrophages etc., Whereas neo-glycosyla 
tion of proteins often results in increased uptake by the liver 
and macrophages); preparation of truncated forms by pro 
teolytic cleavage, leading to reduced siZe and shorter half 
life in circulation; and cationisation, eg as described by 
Kumagi et al. in J. Biol. Chem. (1987) 262, 15214-15219; 
Triguero et al. in Proc. Natl. Acad. Sci. USA (1989) 86, 
4761-4765; Pardridge et al. in J. Pharmacol. Exp. T herap. 
(1989) 251, 821-826 and Pardridge and Boado, Febs Lett. 
(1991) 288, 30-32. 

[0078] Increased coupling efficiency to areas of interest 
may also be achieved using antibodies bound to the terminii 
of PEG spacers (see eg Maruyama, K. et al. in Biochim. 
Biophys. Acta (1995) 1234, 74-80 and Hansen, C. B. et al. 
in Biochim. Biophys. Acta (1995) 1239, 133-144). 

[0079] In some instances it is considered advantageous to 
include a PEG component as a stabiliser in conjunction With 
a vector or vectors or directly to the reporter in the same 
molecule Where the PEG does not serve as a spacer. 

[0080] Other representative spacer elements include struc 
tural-type polysaccharides such as polygalacturonic acid, 
glycosaminoglycans, heparinoids, cellulose and marine 
polysaccharides such as alginates, chitosans and carrageen 
ans; storage-type polysaccharides such as starch, glycogen, 
deXtran and aminodeXtrans; polyamino acids and methyl and 
ethyl esters thereof, as in homo- and co-polymers of lysine, 
glutamic acid and aspartic acid; and polypeptides, oligo 
nucleotides and oligosaccharides, Which may or may not 
contain enZyme cleavage sites. 

[0081] In general, spacer elements may contain cleavable 
groups such as vicinal glycol, aZo, sulfone, ester, thioester or 
disulphide groups. Spacers containing biodegradable meth 
ylene diester or diamide groups of formula 

—(Z)m.Y.X.C(R1R2).X.Y(Z)n— 
[0082] [Where X and Z are selected from —O—, —S—, 
and —NR— (Where R is hydrogen or an organic group); 
each Y is a carbonyl, thiocarbonyl, sulphonyl, phosphoryl or 
similar acid-forming group: m and n are each Zero or 1; and 
R1 and R2 are each hydrogen, an organic group or a group 
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—X.Y.(Z)m—, or together form a divalent organic group] 
may also be useful; as discussed in, for eXample, WO-A 
9217436 such groups are readily biodegraded in the pres 
ence of esterases, eg in vivo, but are stable in the absence 
of such enZymes. They may therefore advantageously be 
linked to therapeutic agents to permit sloW release thereof. 

[0083] Poly[N-(2-hydroXyethyl)methacrylamides] are 
potentially useful spacer materials by virtue of their loW 
degree of interaction With cells and tissues (see eg Volfova, 
I., Rihova, B. and V. R. and Vetvicka, P. in J. Bioact. Comp. 
Polymers (1992) 7, 175-190). Work on a similar polymer 
consisting mainly of the closely related 2-hydroXypropyl 
derivative shoWed that it Was endocytosed by the mono 
nuclear phagocyte system only to a rather loW eXtent (see 
Goddard, P., Williamson, 1., Bron, J ., Hutchkinson, L. E., 
Nicholls, J. and Petrak, K. in J. Bioct. Compat. Polym. 
(1991) 6, 4-24.). 
[0084] Other potentially useful poymeric spacer materials 
include: 

[0085] i) copolymers of methyl methacrylate With 
methacrylic acid; these may be erodible (see Lee, P. 
I. in Pharm. Res. (1993) 10, 980) and the carboXylate 
substituents may cause a higher degree of sWelling 
than With neutral polymers; 

[0086] ii) block copolymers of polymethacrylates 
With biodegradable polyesters (see eg San Roman, 
J. and Guillen-Garcia, P. in Biomaterials (1991) 12, 
236-241); 

[0087] iii) cyanoacrylates, i.e. polymers of esters of 
2-cyanoacrylic acid—these are biodegradable and 
have been used in the form of nanoparticles for 
selective drug delivery (see Forestier, E, Gerrier, P., 
Chaumard, C., Quero, A. M., Couvreur, P. and 
Labarre, C. in J. Antimicrob. Chemoter. (1992) 30, 
173-179); 

[0088] iv) polyvinyl alcohols, Which are Water 
soluble and generally regarded as biocompatible (see 
eg Langer, R. in J. Control. Release (1991) 16, 
53-60); 

[0089] v) copolymers of vinyl methyl ether With 
maleic anhydride, Which have been stated to be 
bioerodible (see Finne, U., Hannus, M. and Urtti, A. 
in Int. J. Pharm. (1992) 78. 237-241); 

[0090] vi) polyvinylpyrrolidones, e. g. With molecular 
Weight less than about 25,000, Which are rapidly 
?ltered by the kidneys (see Hespe, W., Meier, A. M. 
and BlankWater, Y. M. inArzeim. -Forsch./Drug Res. 
(1977) 27, 1158-1162); 

[0091] vii) polymers and copolymers of short-chain 
aliphatic hydroXyacids such as glycolic, lactic, 
butyric, valeric and caproic acids (see eg Carli, F. in 
Chim. Ind. (Milan) (1993) 75, 494-9), including 
copolymers Which incorporate aromatic hydroXyac 
ids in order to increase their degradation rate (see 
Imasaki, K., Yoshida, M., FukuZaki, H., Asano, M., 
Kumakura, M., Mashimo, T., Yamanaka, H. and 
Nagai. T. in Int. J. Pharm. (1992) 81, 31-38); 

[0092] viii) polyesters consisting of alternating units 
of ethylene glycol and terephthalic acid, eg 
DacronR, Which are non-degradable but highly bio 
compatible; 
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[0093] iX) block copolymers comprising biodegrad 
able segments of aliphatic hydroXyacid polymers 
(see eg Younes, H., Nataf, P. R., Cohn, D., Appel 
baum, Y. J ., PiZov, G. and UretZky, G. in Biomater. 

Artif Cells Artif. Organs (1988) 16, 705-719), for 

Heterobifunctional linking agents 

Linking agent Reactivity 1 Reactivity 2 Comments 
instance in conjunction With polyurethanes (see 
Kobayashi, H., Hyon, S. H. and Ikada, Y. in “Water- ABH Carbohydrate photoreactive 

- ”_ ANB-NOS —NH2 photoreactive 
curable and biodegradable prepolymers J. APDP (1) _SH photoreactive iodinable 
Biomed. Mater. Res. (1991) 25, 1481-1494), disulphide 

_ linker 

[0094] X) polyurethanes, WhlCh are knoWn to be APG _NH2 photoreactive reacts 
Well-tolerated in implants, and Which may be com- Selectively 
bined With ?exible “soft” segments, e.g. comprising With Arg at PH 
01 tetra meth lene 1 col , ol ro lene 1 col 714 8 

p y(1 th 1 y 1 g i, ycp t.py“h (if, ) ASIB (1) —SH photoreactive iodinable 
or PO y(e y ene YCO an aroma 1C_ ar Seg_ ASBA (1) —COOH photoreactive iodinable 
ments, e.g. comprising 4,4‘-methyleneb1s(phenylene EDC _NH2 _COOH zermength 
isocyanate) (see eg Ratner, B. D., Johnston, A. B. linker 
and Lenk, T. J. in J. Biomed. Mater. Res: Applied GMBS —NHz —SH 
Biomaterials (1987) 21, 59-90; Sa Da Costa, v et al. Su1f°'GMBS —NH2 —SH _ water'sc’luble 
_ _ ESAB —NH2 photoreactive 

1n J‘ Coll‘ Interface Sci‘ (1981) 80’ 445-452 and sulfo-HSAB —NH2 photoreactive Water-soluble 
Affrossman, S. et al. in Clinical Materials (1991) 8, M135 —NH2 —SH 
25-31); sulfo-MBS —NH2 —SH Water-soluble 

M2C2H carbohydrate —SH 
[0095] Xi) poly(1,4-dioXan-2-ones), Which may be MPBH Carbohydrate —SH 

regarded as biodegradable esters in vieW of their NHS'ASA(1) —NHZ photoreactwe lodmable 
h d 1 ble ester linka es (See 6 Son C X sulfo-NHS- —NH2 photoreactive Water-soluble, 
y To ysa _ g _ 'g' g} ' " ASA (1) iodinable 

C111, X- M- and Schlndler> A~ 1n Med BL'OL Eng' sulfo-NHS-LC- —NH2 photoreactive Water-soluble, 
Comput. (1993) 31, S147-150), and WhlCh may ASA (1) iodinable 
include glycolide units to improve their absorbability PDPH Carbohydrate —SH disulphide 

linker 
(see B'eZWad'a, R. S., Shalaby, S. and NeWman, H. PNPDTP _NH2 photoreactive 
D. J. in Agricultural and synthetic polymers: Biode- SADP _NH2 photoreactive disulphide 
gradability and utilization (1990) (ed Glass, J. E. and linker 
SWift, G.), 167-174—ACS symposium Series, #433, SHIfO-SADP —NHZ photoreactive Water-Soluble 
Washington DC, U.S.A.—American Chemical ilsl‘ilphlde 

. 1n er 

soclety)’ SAED —NH2 photoreactive disulphide 
.. . linker 

[0096] _xn)_polyanhyd?l(_ies s_uch as cgpolymers of SAND —NH2 photoreactive Water-soluble 
sebac1c acid (octanedioic acid) With b1s(4-carboXy- disulphide 
phenoXy)propane, Which have been shoWn in rabbit linker 
studies (see Brem, H., Kader, A., Epstein, J. I., SANPAH _NH2 photoreactive 
Tamargo, R. J ., Domb, A., Langer, R. and Leong, K. sulfo-SANPAH —NH2 photoreactive Water-soluble 
W. in Sel. Cancer Ther. (1989) 5, 55-65) and rat SASD (1) —NH2 photoreactive Water-soluble 
studies (see Tamargo, R. J ., Epstein, J. I., Reinhard, iodinable 
C. S., Chasin, M. and Brem, H. in J. Biomed. Mater. cllsulphlde 
Res. (1989) 23, 253-266) to be useful for controlled hnker 

. . . . . SIAB —NH2 —SH release of drugs in the brain Without evident toxic 
ff ts‘ sulfo-SIAB —NH2 —SH Water-soluble 

6 6C ’ sMcc —NH2 —SH 

[0097] Xiii) biodegradable polymers containing sulfo'sMcc —NH2 —SH water'soluble 
. SMPB —NH2 —SH 

ortho-ester groups, WhlCh have been employed for sulfo SMPB NH SH Water Soluble 
. . _ — 2 — _ 

controlled release in VlVO (see Maa, Y. F. and Heller, SMPT _NH2 _SH 
J. in J. Control. Release (1990) 14, 21-28); and Su1fO_LC_SMPT _NH2 _SH Watemoluble 

. . . . SPDP —NH —SH 

[0098] XIV) polyphosphaZenes, WhlCh are inorganic Su1fO_SPDP _NH2 _SH Watemoluble 
polymers consisting of alternate phosphorus and Su1fO_LC_SPDP _NHZ _SH watepsoluble 
nitrogen atoms (see Crommen, J. H., Vandorpe, J. Su1fO_SAMCA(2) _NH2 photoreactive 
and Schacht, E. H. in J. Control. Release (1993) 24, sulfo-sAPB —NH2 photoreactive Water-soluble 

167-180). 
Notes: 

[0099] The folloWing tables list linking agents and agents (1) = iodinable; 
for protein modi?cation Which may be useful in preparing (2) = fluorescent 
targetable contrast agents in accordance With the invention. 
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[0100] 

Homobifunctional linking agents 

Linking agent Reactivity Comments 

0 —NH2 
BMH —SH 
BASED (1) photoreactive iodinable disulphide linker 
BSCOES —NH2 
sulfo-BSCOES —NH2 Water-soluble 
DFDNB —NH2 
DMA 

DMP —NH2 
DMS —NH2 
DPDPB —SH disulphide linker 
DSG —NH2 
DSP —NH2 disulphide linker 
DSS —NH2 
DST —NH2 
sulfo-DST —NH2 Water-soluble 
DTBP —NH2 disulphide linker 
DTSSP —NH2 disulphide linker 
EGS —NH2 
sulfo-EGS —NH2 Water-soluble 
SPBP —NH2 

[0101] 

Biotinylation agents 

Agent Reactivity Comments 

biotin-BMCC —SH 
biotin-DPPE" preparation of 

biotinylated liposomes 
biotin-LC-DPPE" preparation of 

biotinylated liposomes 
biotin-HPDP —SH disulphide linker 
biotin-hydrazide carbohydrate 
biotin-LC-hydrazide carbohydrate 
iodoacetyl-LC-biotin —NH2 
NHS-iminobiotin —NH2 reduced af?nity for 

avidin 
NHS-SS-biotin —NH2 disulphide linker 
photoactivatable biotin nucleic 

acids 
sulfo-NHS-biotin —NH2 Water-soluble 
sulfo-NHS-LC-biotin —NH2 

Notes: DPPE = dipalmitoylphosphatidylethanolamine; LC = long chain 

[0102] 

Agents for protein modi?cation 

Agent Reactivity Function 

Ellman’s reagent —SH quanti?es/detects/protects 
DTT —S.S— reduction 
2-mercaptoethanol —S.S— reduction 
2-mercaptylamine —S.S— reduction 
Traut’s reagent —NH2 introduces —SH 
SATA —NH2 introduces protected —SH 
AMCA-NHS —NH2 ?uorescent labelling 
AMCA-hydrazide carbohydrate ?uorescent labelling 
AMCA-HPDP —S.S— ?uorescent labelling 
SBF-chloride —S.S— ?uorescent detection of —SH 
N-ethylmaleimide —S.S— blocks —SH 

10 
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—continued 

Agents for protein modi?cation 

Agent Reactivity Function 

NHS-acetate —NH2 blocks and acetylates —NH2 
citraconic anhydride —NH2 reversibly blocks and 

introduces negative charges 
DTPA —NH2 introduces chelator 
BNPS-skatole tryptophan cleaves tryptophan residue 
Bolton-Hunter —NH2 introduces iodinable group 

[0103] Linking agents used in accordance With the inven 
tion Will in general bring about linking of vector to reporter 
or reporter to reporter With some degree of speci?city, and 
may also be used to attach one or more therapeutically active 
agents. 

[0104] Ultrasound imaging modalities Which may be used 
in accordance With the invention include tWo- and three 
dimensional imaging techniques such as B-mode imaging 
(for example using the time-varying amplitude of the signal 
envelope generated from the fundamental frequency of the 
emitted ultrasound pulse, from sub-harmonics or higher 
harmonics thereof or from sum or difference frequencies 
derived from the emitted pulse and such harmonics, images 
generated from the fundamental frequency or the second 
harmonic thereof being preferred), colour Doppler imaging 
and Doppler amplitude imaging, and combinations of the 
tWo latter With any of the modalities (techniques) above. 
Surprisingly, the second harmonic signals from the targeted 
monolayer microspheres Were found to be excellent When 
used in accordance With the present invention. To reduce the 
effects of movement, successive images of tissues such as 
the heart or kidney may be collected With the aid of suitable 
synchronisation techniques (eg gating to the ECG or res 
piratory movement of the subject). Measurement of changes 
in resonance frequency or frequency absorption Which 
accompany arrested or retarded microbubbles may also 
usefully be made to detect the contrast agent. 

[0105] The present invention provides a tool for therapeu 
tic drug delivery in combination With vector-mediated direc 
tion of the product to the desired site. By “therapeutic” or 
“drug” is meant an agent having a bene?cial effect on a 
speci?c disease in a living human or non-human animal. 
Whilst combinations of drugs and ultrasound contrast agents 
have been proposed in, for example, WO-A-9428873 and 
WO-A-9507072, these products lack vectors having affinity 
for particular sites and thereby shoW comparitively poor 
speci?c retention at desired sites prior to or during drug 
release. 

[0106] Therapeutic compounds used in accordance With 
the present invention may be encapsulated in the interior of 
the microbubbles or attached to or incorporated in the 
encapsulating Walls. Thus, the therapeutic compound may 
be linked to a part of the Wall, for example through covalent 
or ionic bonds, or may be physically mixed into the encap 
sulating material, particularly if the drug has similar polarity 
or solubility to the membrane material, so as to prevent it 
from leaking out of the product before it is intended to act 
in the body. The release of the drug may be initiated merely 
by Wetting contact With blood folloWing administration or as 
a consequence of other internal or external in?uences, e.g. 
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dissolution processes catalyzed by enzymes or the use of of 
ultrasound. The destruction of gas-containing microparticles 
using external ultrasound is a Well knoWn phenomenon in 
respect of ultrasound contrast agents, eg as described in 
WO-A-9325241; the rate of release may be varied depend 
ing on the type of therapeutic application, using a speci?c 
amount of ultrasound energy from the transducer. 

[0107] The therapeutic agent may be covalently linked to 
the encapsulating membrane surface using a suitable linking 
agent, eg as described herein. Thus, for example, one may 
initially prepare a phospholipid or lipopeptide derivative to 
Which the drug is bonded through a biodegradable or selec 
tively cleavable linker folloWed by incorporation of the 
material into the microbubble. Alternatively lipidated drug 
molecules Which do not require processing to liberate an 
active drug are incorporated directly into the membrane. The 
active lipidated-drug can be released by increasing the 
strength of the ultrasound beam. 

[0108] Exemplary drug delivery systems suitable for use 
in the present compositions include any knoWn therapeutic 
drugs or active analogues thereof containing thiol groups 
Which are coupled to thiol containing microbubbles under 
oxidative conditions yielding disulphide bridges. In combi 
nation With a vector or vectors the drug/vector modi?ed 
microbubbles are alloWed to accumulate in the target tissue. 
Administration of a reducing agent such as reduced glu 
tathione then liberates the drug molecule from the targeted 
microbubble in the vicinity of the target cell increasing the 
local concentration of the drug and enhancing therapeutic 
effect. The product may also be prepared Without the thera 
peutic if desired. The drug may then be coupled to or coated 
on the microbubbles prior to use. Thus, for example, a 
therapeutic could be added to a suspension of microbubbles 
in aqueous media and shaken in order to attach or adhere the 
therapeutic to the microbubbles. 

[0109] Other drug delivery systems include vector modi 
?ed phospholipid membranes doped With lipopeptide struc 
tures comprising a poly-L-lysine or poly-D-lysine chain in 
combination With a targeting vector. Applied to gene 
therapy/antisense technologies With particular emphasis on 
receptor-mediated drug delivery the microbubble carrier is 
condensed With DNA or RNA via elecrostatic interaction 
With the polycation. This method has the advantage that the 
vector or vectors used for targeted delivery are not directly 
attached to the polysine carrier moiety. The polylysine chain 
is also anchored more tightly in the microbubble membrane 
due to the presence of the lipid chains. The use of ultrasound 
to increase the effectiveness of delivery is also considered 
useful. 

[0110] Alternatively free polylysine chains are ?rstly 
modi?ed With drug or vector molecules then condensed onto 
the negative surface of targeted microbubbles. 

[0111] Representative and non-limiting examples of drugs 
useful in accordance With the invention include antineoplas 
tic agents such as vincristine, vinblastine, vindesine, busul 
fan, chlorambucil, spiroplatin, cisplatin, carboplatin, meth 
otrexate, adriamycin, mitomycin, bleomycin, cytosine 
arabinoside, arabinosyl adenine, mercaptopurine, mitotane, 
procarbaZine, dactinomycin (antinomycin D), daunorubicin, 
doxorubicin hydrochloride, taxol, plicamycin, aminoglute 
thimide, estramustine, ?utamide, leuprolide, megestrol 
acetate, tamoxifen, testolactone, trilostane, amsacrine 
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(m-AMSA), asparaginase (L-asparaginase), etoposide, 
interferon a-2a and 2b, blood products such as hematopor 
phyrins or derivatives of the foregoing; biological response 
modi?ers such as muramylpeptides; antifungal agents such 
as ketoconaZole, nystatin, griseofulvin, ?ucytosine, micona 
Zole or amphotericin B; hormones or hormone analogues 
such as groWth hormone, melanocyte stimulating hormone, 
estradiol, beclomethasone dipropionate, betamethasone, 
cortisone acetate, dexamethasone, ?unisolide, hydrocorti 
sone, methylprednisolone, paramethasone acetate, predniso 
lone, prednisone, triamcinolone or ?udrocortisone acetate; 
vitamins such as cyanocobalamin or retinoids; enZymes such 
as alkaline phosphatase or manganese superoxide dismu 
tase; antiallergic agents such as amelexanox; inhibitors of 
tissue factor such as monoclonal antibodies and Fab frag 
ments thereof, synthetic peptides, nonpeptides and com 
pounds doWnregulating tissue factor expression; inhibitors 
of platelets such as, GPIa, GPIb and GPIIb-IIIa, ADP 
receptors, thrombin receptors, von Willebrand factor, pros 
taglandins, aspirin, ticlopidin, clopigogrel and reopro; 
inhibitors of coagulation protein targets such as: FIIa FVa, 
FVIIa, FVIIIA, FIXa, tissue factor, hepatins, hirudin, hiru 
log, argatroban, DEGR-rFVIIa and annexin V; inhibitors of 
?brin formation and promoters of ?brionolysis such as t-PA, 
urokinase, Plamin, Streptokinase, rt-Plasminogen Activator 
and rstaphylokinase; antiangiogenic factors such as medrox 
yprogesteron, pentosan polysulphate, suramin, taxol, thali 
domide, angiostatin, interferon-alpha, metalloproteinase 
inhibitors, platelet factor 4, somatostatin, thromobospondin; 
circulatory drugs such as propranolol; metabolic potentia 
tors such as glutathione; antituberculars such as p-aminosali 
cylic acid, isoniaZid, capreomycin sulfate, cyclosexine, 
ethambutol, ethionamide, pyraZinamide, rifampin or strep 
tomycin sulphate; antivirals such as acyclovir, amantadine, 
aZidothymidine, ribavirin or vidarabine; blood vessel dilat 
ing agents such as diltiaZem, nifedipine, verapamil, eryth 
ritol tetranitrate, isosorbide dinitrate, nitroglycerin or pen 
taerythritol tetranitrate; antibiotics such as dapsone, 
chloramphenicol, neomycin, cefaclor, cefadroxil, cephal 
exin, cephradine, erythromycin, clindamycin, lincomycin, 
amoxicillin, ampicillin, bacampicillin, carbenicillin, diclox 
acillin, cyclacillin, picloxacillin, hetacillin, methicillin, 
nafcillin, penicillin, polymyxin or tetracycline; antiin?am 
matories such as di?unisal, ibuprofen, indomethacin, 
meclefenamate, mefenamic acid, naproxen, phenylbuta 
Zone, piroxicam, tolmetin, aspirin or salicylates; antiproto 
Zoans such as chloroquine, metronidaZole, quinine or meglu 
mine antimonate; antirheumatics such as penicillamine; 
narcotics such as paregoric; opiates such as codeine, mor 
phine or opium; cardiac glycosides such as deslaneside, 
digitoxin, digoxin, digitalin or digitalis; neuromuscular 
blockers such as atracurium mesylate, gallamine triethio 
dide, hexa?uorenium bromide, metocurine iodide, pancuro 
nium bromide, succinylcholine chloride, tubocurarine chlo 
ride or vecuronium bromide; sedatives such as amobarbital, 
amobarbital sodium, apropbarbital, butabarbital sodium, 
chloral hydrate, ethchlorvynol, ethinamate, ?uraZepam 
hydrochloride, glutethimide, methotrimepraZine hydrochlo 
ride, methyprylon, midaZolam hydrochloride, paraldehyde, 
pentobarbital, secobarbital sodium, talbutal, temaZepam or 
triaZolam; local anaesthetics such as bupivacaine, chlorop 
rocaine, etidocaine, lidocaine, mepivacaine, procaine or 
tetracaine; general anaesthetics such as droperidol, etomi 
date, fentanyl citrate With droperidol, ketamine hydrochlo 
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ride, methohexital sodium or thiopental and pharmaceuti 
cally acceptable salts (e.g. acid addition salts such as the 
hydrochloride or hydrobromide or base salts such as sodium, 
calcium or magnesium salts) or derivatives (e.g. acetates) 
thereof. Other examples of therapeutics include genetic 
material such as nucleic acids, RNA, and DNA of natural or 
synthetic origin, including recombinant RNA and DNA. 
DNA encoding certain proteins may be used in the treatment 
of many different types of diseases. For example, tumor 
necrosis factor or interleukin-2 genes may be provided to 
treat advanced cancers; thymidine kinase genes may be 
provided to treat ovarian cancer or brain tumors; interleu 
kin-2 genes may be provided to treat neuroblastoma, malig 
nant melanoma or kidney cancer; and interleukin-4 genes 
may be provided to treat cancer. 

[0112] Lipophilic derivatives of drugs linked to the 
microbubble Wall through hydrophobic interactions may 
exhibit therapeutic effects as part of the microbubble or after 
release from the microbubble, eg by use of ultrasound. If 
the drug does not possess the desired physical properties, a 
lipophilic group may be introduced for anchoring the drug to 
the membrane. Preferably the lipophilic group should be 
introduced in a Way that does not in?uence the in vivo 
potency of the molecule, or the lipophilic group may be 
cleaved releasing the active drug. Lipophilic groups may be 
introduced by various chemical means depending on func 
tional groups available in the drug molecule. Covalent 
coupling may be effected using functional groups in the drug 
molecule capable of reacting With appropriately functiona 
lised lipophilic compounds. Examples of lipophilic moieties 
include branched and unbranched alkyl chains, cyclic com 
pounds, aromatic residues and fused aromatic and non 
aromatic cyclic systems. In some instances the lipophilic 
moiety Will consist of a suitably functionalised steroid, like 
cholesterol and related compounds. Examples of functional 
groups particularly suitable for derivatisation include 
nucleophilic groups like amino, hydroxy and sulfhydryl 
groups. Suitable processes for lipophilic derivatisation of 
any drug containing a sulfhydryl group, like captopril, may 
include direct alkylation, e.g. reaction With an alkyl halide 
under basic conditions and thiol ester formation by reaction 
With an activated carboxylic acid. Representative examples 
of derivatisation of any drug having carboxylic functions, 
like atenolol and chlorambucil, include amide and ester 
formation by coupling of amines and alcohols, respectively, 
possesing requested physical properties. A preferred aspect 
is attachment of cholesterol to a therapeutic compound by 
forming a degradable ester bond. 

[0113] A preferred application of the present invention 
relates to angiogenesis, Which is the formation of neW blood 
vessels by branching from existing vessels. The primary 
stimulus for this process may be inadequate supply of 
nutrients and oxygen (hypoxia) to cells in a tissue. The cells 
may respond by secreting angiogenetic factors, of Which 
there are many; one example is vascular endothelial groWth 
factor. These factors initiate the secretion of proteolytic 
enZymes Which break doWn the proteins of the basement 
membrane, as Well as inhibitors Which limit the action of 
these potentially harmful enZymes. The combined effect of 
loss of attachment and signals from the receptors for angio 
genetic factors is to cause the endothelial cells to move, 
multiply, and rearrange themselves, and ?nally to synthetise 
a basement membrane around the neW vessels. 
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[0114] Tumors must initiate angiogenesis When they reach 
millimeter siZe in order to keep up their rate of groWth. As 
angiogenesis is accompanied by characteristic changes in 
the endothelial cells and their environment, this process is a 
promising target for therapeutic intervention. The transfor 
mations accompanying angiogenesis are also very promis 
ing for diagnosis, a preferred example being malignant 
disease, but the concept also shoWs great promise in in?am 
mation and a variety of in?ammation-related diseases. These 
factors are also involved in re-vascularisation of infarcted 
parts of the myocardium, Which occurs if a stenosis is 
released Within a short time. 

[0115] A number of knoWn receptors/targets associated 
With angiogenesis are given in subsequent tables. Using the 
targeting principles described in the present disclosure, 
angiogenesis may be detected by the majority of the imaging 
modalities in use in medicine. Contrast-enhanced ultrasound 
may possess additional advantages, the contrast medium 
being microspheres Which are restricted to the interior of 
blood vessels. Even if the target antigens are found on many 
cell types, the microspheres Will attach exclusively to endot 
helial cells. 

[0116] So-called prodrugs may also be used in agents 
according to the invention. Thus drugs may be derivatised to 
alter their physicochemical properties and to adapt them for 
inclusion into the reporter; such derivatised drugs may be 
regarded as prodrugs and are usually inactive until cleavage 
of the derivatising group regenerates the active form of the 
drug. 

[0117] By targeting a gas-?lled microbubble containing a 
prodrug-activating enZyme to areas of pathology one may 
image targeting of the enZyme, making it possible to visua 
lise When the microbubbles are targeted properly to the area 
of pathology and at the same time have disappeared from 
non-target areas. In this Way one can determine the optimal 
time for injection of prodrug into individual patients. 

[0118] Another alternative is to incorporate the prodrug, 
the prodrug-activating enZyme and the vector in the same 
microbubble in a system Where the prodrug Will only be 
activated after some external stimulus. Such a stimulus may, 
for example, be a tumour-speci?c protease as described 
above, or bursting of the bubbles by external ultrasound after 
the desired targeting has been achieved. 

[0119] Therapeutics may easily be delivered in accordance 
With the invention to diseased or necrotic areas including the 
heart and vasculature in general, and to the liver, spleen and 
kidneys and other regions such as the lymph system, body 
cavities or gastrointestinal system. 

[0120] Products according to the present invention may be 
used for targeted therapeutic delivery either in vivo or in 
vitro. In the latter context the products may be useful in in 
vitro systems such as kits for diagnosis of different diseases 
or characterisation of different components in blood or tissue 
samples. Similar techniques to those used to attach certain 
blood components or cells to polymer particles(e.g. mono 
disperse magnetic particles) in vitro to separate them from a 
sample may be used in the present invention, using the loW 
density of the reporter units in agents of the present inven 
tion to effect separation of the gas-containing material by 
?oatation and repeated Washing. 
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[0121] Vectors Which may be usefully employed in gen 
erating multiple-speci?c targetable contrast agents accord 
ing to the invention include the following: 

[0122] i) Antibodies, Which can be used as vectors for 
a very Wide range of targets, and Which have advan 
tageous properties such as very high speci?city, high 
af?nity (if desired), the possiblity of modifying af?n 
ity according to need etc. Whether or not antibodies 
Will be bioactive Will depend on the speci?c vector/ 
target combination. Both conventional and geneti 
cally engineered antibodies may be employed, the 
latter permitting engineering of antibodies to par 
ticular needs, eg as regards af?nity and speci?city. 
The use of human antibodies may be preferred to 
avoid possible immune reactions against the vector 
molecule. A further useful class of antibodies com 
prises so-called bispeci?c antibodies, i.e. antibodies 
having speci?city for tWo different target molecules 
in one antibody molecule. Such antibodies may, for 
eXample, be useful in promoting formation of bubble 
clusters and may also be used for various therapeutic 
purposes, eg for carrying toXic moieties to the 
target. Various aspects of bispeci?c antibodies are 
described by McGuinness, B. T. et al. in Nat. Bio 
technol. (1996) 14, 1149-1154; by George,A. J. et al. 
in]. Immunol. (1994) 152, 1802-1811; by Bonardi et 
al. in Cancer Res. (1993) 53, 3015-3021; and by 
French, R. R. et al. in Cancer Res. (1991) 51, 
2353-2361. 

[0123] ii) Cell adhesion molecules, their receptors, 
cytokines, groWth factors, peptide hormones and 
pieces thereof. Such vectors rely on normal biologi 
cal protein-protein interactions With target molecule 
receptors, and so in many cases Will generate a 
biological response on binding With the targets and 
thus be bioactive; this may be a relatively insigni? 
cant concern With vectors Which target proteogly 
cans. 

[0124] iii) Non-peptide agonists/antagonists or non 
bioactive binders of receptors for cell adhesion mol 
ecules, cytokines, groWth factors and peptide hor 
mones. This category may include non-bioactive 
vectors Which Will be neither agonists nor antagonist 
but Which may nonetheless eXhibit valuable target 
ing ability. 

[0125] iv) Oligonucleotides and modi?ed oligonucle 
otides Which bind DNA or RNA through Watson 
Crick or other types of base-pairing. DNA is usually 
only present in extracellular space as a consequence 
of cell damage, so that such oligonucleotides, Which 
Will usually be non-bioactive, may be useful in, for 
eXample, targeting of necrotic regions, Which are 
associated With many different pathological condi 
tions. Oligonucleotides may also be designed to bind 
to speci?c DNA- or RNA-binding proteins, for 
eXample transcription factors Which are very often 
highly overeXpressed or activated in tumour cells or 
in activated immune or endothelial cells. Combina 
torial libraries may be used to select oligonucleotides 
Which bind speci?cally to possible target molecules 
(from proteins to caffeine) and Which therefore may 
be employed as vectors for targeting. 
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[0126] v) DNA-binding drugs may behave similarly 
to oligonuclotides, but may exhibit biological activ 
ity and/or toXic effects if taken up by cells. 

[0127] vi) Various small molecules, including bioac 
tive compounds knoWn to bind to biological recep 
tors of various kinds. Such vectors or their targets 
may be used to generate non-bioactive compounds 
binding to the same targets. 

[0128] vii) Vector molecules may be selected from 
combinatorial libraries Without necessarily knoWing 
the eXact molecular target, by functionally selecting 
(in vitro, eX vivo or in vivo) for molecules binding to 
the region/structure to be imaged. 

[0129] viii) Various small molecules, including bio 
active compounds knoWn to bind to biological recep 
tors of various kinds. Such vectors or their targets 
may be used for generate non-bioactive compounds 
binding to the same targets. 

[0130] iX) Proteins or peptides Which bind to glu 
cosamino-glycan side chains e.g. haparan sulphate, 
including glucosoaminoglycan-binding portions of 
larger molecules, since binding to such glucosoami 
noglycans side chains does not result in a biological 
response. Proteoglycans are not found on red blood 
cells, thus eliminating undesirable adsorption to 
these cells. 

[0131] Other peptide vectors and lipopeptides thereof of 
particular interest for targeted ultrasound imaging are listed 
beloW: Atherosclerotic plaque binding peptides such as 
YRALVDTLK, YAKFRETLEDTRDRMY and 
RALVDTEFKVKQEAGAK; Thrombus binding peptides 
such as NDGDFEEIPEEYLQ and GPRG; Platelet binding 
peptides such as PLYKKIIKKLLES; and cholecystokinin, 
ot-melanocyte-stimulating hormone, heat stable enterotoXin 
1, vasoactive intestinal peptide, synthetic alpha-M2 peptide 
from the third heavy chain complementarity-determining 
region and analogues thereof for tumor targeting. 

[0132] The folloWing tables identify various receptors 
Which may be targeted by particular types of vectors and 
consequent areas of use for targetable ultrasound contrast 
agents according to the invention Which contain such vec 
tors. 

Protein and peptide vectors — antibodies 

Vector type Receptor Comments/areas of use Ref 

antibodies CD34 vascular diseases in general, 
(general) normal vessel Wall (e.g 

myocardium), activated 
endothelium, immune cells 

antibodies ICAM-l vascular diseases in general, 
(general) normal vessel Wall (e.g 

myocardium), activated 
endothelium, immune cells 

antibodies [CAM-2 vascular diseases in general, 
(general) normal vessel Wall (e.g 

myocardium), activated 
endothelium, immune cells 

antibodies [CAM-3 vascular diseases in general, 
(general) normal vessel Wall (e.g 

myocardium), activated 
endothelium, immune cells 
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Protein and peptide vectors — antibodies 

Vector type Receptor Comments/areas of use Ref 

antibodies E-selectin vascular diseases in general, 
(general) normal vessel Wall (e.g 

myocardium), activated 
endothelium, immune cells 

antibodies P-selectin vascular diseases in general, 
(general) normal vessel Wall (e.g 

myocardium), activated 
endothelium, immune cells 

antibodies PECAM vascular diseases in general, 
(general) normal vessel Wall (e.g 

myocardium), activated 
endothelium, immune cells 

antibodies Integrins, vascular diseases in general, 
(general) e.g. VLA-1, normal vessel Wall (e.g 

VLA-2, VLA- myocardium), activated 
3, VLA-4, endothelium, immune cells 
VLA-5, VLA 
6: [510% 
[510% [510% 
LFA-l, 
Mac-1, 
CD41a, 
etc. 

antibodies GlyCAM Vessel Wall in lymph nodes 
(general) (quite speci?c for lymph 

nodes) 
antibodies MadCam 1 Vessel Wall in lymph nodes 
(general) (quite speci?c for lymph 

nodes) 
antibodies ?brin Thrombi 
(general) 
antibodies Tissue Activated endothelium, 
(general) Factor tumours 
antibodies Myosin Necrosis, myocardial 
(general) infaction 
antibodies CEA Tumours 

(general) (carcinoem 
bryonal 
antigen) 

antibodies Mucins Tumours 
(general) 
antibodies Multiple Tumours 
(general) drug 

resistance 
protein 

antibodies Prostate Prostate cancer 

(general) speci?c 
antigen 

antibodies Cathepsin Tumours (proteases of various 
(general) B kinds are often more or less 

speci?cally overeXpressed in 
a variety of tumours — 

Cathepsin B is such a 
protease) 

antibodies Transferrin Tumors, 
(general) receptor vessel Wall 
MoAb 9.2.27 Tumours 

Antigen upregulated on cell 
groWth 

VAP-1 Adhesion molecule 
Band 3 Upregulated during phagocytic 
protein activity 
CD44 tumor cells 

[52- general 
microglobu 
lin 
MHC class general 
I 

antibody integrin tumors, angiogenisis c 
0w[53 

antibodies CD44 tumour cells a 
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Protein and peptide vectors — antibodies 

Vector type Receptor Comments/areas of use Ref 

antibodies [52- general b 
microglobu 
lin 

antibodies MHC class general b 
1 

a. ) Heider, K. H., M. Sproll, S. Susani, E. PatZelt, P. Beaumier, E. Oster 
mann, H. Ahorn, and G. R. Adolf. 1996. “Characterization of a high-a?in 
ity monoclonal antibody speci?c for CD44v6 as candidate for immuno 
therapy of squamous cell carcinomas”. Cancer Immunology 
Immunotherapy 43: 245-253. 
b). I. Roitt, J. Brostoff, and D. Male. 1985. Immunology, London: GoWer 
Medical Publishing, p. 4.7 
c.) Stromblad, S., and D. A. Cheresh. 1996. “Integrins, angiogenesis and 
vascular cell survival”. Chemistry & Biology 3: 881-885. 

[0133] 

Protein and peptide vectors — cell adhesion molecules etc. 

Vector type Receptor Comments/areas of use Ref 

L-selectin CD34 vascular diseases in 
MadCAM1 general, normal vessel 
GlyCam 1 Wall (e.g myocardium), 

activated endothelium, 
Lymph nodes 

Other selectins carbohydrate vascular diseases in 
ligands general, normal vessel 
(sialyl LeWis X) 
heparan sulfate 

Wall (e.g myocardium), 
activated endothelium 

RGD-peptides integrins angiogenisis 
PECAM PECAM, Endothelium, 

and other Cells in immune system 
Integrins, Laminin, Endothelium, 
e.g. VLA-1, VLA- collagen, Vessel Wall 
2, VLA-3, VLA-4, ?bronectin, etc. 
VLA-5, VLA-6, VCAM-1, 
[510% [510% 610w: thrombo' 
LEA-1, Mac-1, spondin, 
CD41a, etc. vitronectin 

etc. 

Integrin Integrins, Cells in immune system 
receptors, e.g. VLA-1, vessel Wall 
e.g. Laminin, VLA-2, VLA-3, etc. 
collagen, VLA-4, VLA-5, 
?bronectin, VLA-6, [51(17, 
VCAM-1, Bldg, |310Lv, LFA 
thrombospondin, 1, Mac-1, 
vitronectin CD41a, etc. 
etc. 

Nerve cell proteoglycans 
adhesion N-CAM 
molecule (N- (homophilic) 
CAM) 
RGD-peptides integrins angiogenesis c 

[0134] 

Vectors comprising cytokines/groWth factors/peptide 
hormones and fragment thereof 

Vector type Receptor Comments/areas of use Ref 

Epidermal groWth 
factor 

EGF-receptor or 
related 
receptors 

Tumours 
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Vectors comprising cytokines/groWth factors/peptide 
hormones and fragment thereof 

Vector type Receptor Comments/areas of use Ref 

Nerve growth NGF-receptor Tumours 
factor 
Somatostatin ST-receptor Tumours 
Endothelin Endothelin- Vessel Wall 

receptor 
Interleukin-1 IL-1-receptor In?ammation, activated 

cells of different kinds 
Interleukin-2 IL-Z-receptor In?ammation, activated 

cells of different kinds 
Chemokines (ca. Chemokine In?ammation 
20 different receptors, 
cytokines partly proteoglycans 
sharing 
receptors) 
Tumour necrosis TNF-receptors In?ammation 
factor 
Parathyroid PTH-receptors Bone diseases 
hormone Kidney diseases 
Bone BMP-receptors Bone Diseases 
Morphogenetic 
Protein 
Calcitonin CT-receptors Bone diseases 
Colony Corresponding Endothelium 
stimulating speci?c 
factors (G-CSF, receptors, 
GM-CSF, M-CSF, proteoglycans 
IL-3) 
Insulin like IGF-I receptor Tumours, 
groWth factor I other groWing tissues 
Atrial ANF-receptors Kidney, 
Natriuretic vessel Wall 
Factor 
Vasopressin Vasopressin Kidney, 

receptor vessel Wall 
VEGF VEGF-receptor Endothelium, 

regions of angiogenesis 
Fibroblast FGF-receptors, Endothelium 
groWth factors Proteoglycans Angiogenesis 
SchWann cell proteoglycans 
groWth factor speci?c 

receptors 

[0135] 

Miscellaneous protein and peptide vectors 

Vector type Receptor Comments/areas of use Ref 

Streptavidin Kidney Kidney diseases 
Bacterial Fibronectin Vessel Wall 
?bronectin 
binding proteins 
Fc-part of Fc-receptors Monocytes 
antibodies macrophages 

liver 
Transferrin transferrin- Tumours 

receptor vessel Walls 
Streptokinase/ thrombi thrombi 
tissue 
plasminogen 
activator 
Plasminogen, Fibrin Thrombi, 
plasmin tumours 
Mast cell proteoglycans 
proteinases 
Elastase proteoglycans 
Lipoprotein proteoglycans 
lipase 
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Miscellaneous protein and peptide vectors 

Vector type Receptor Comments/areas of use Ref 

Coagulation proteoglycans 
enzymes 
Extracellular proteoglycans 
superoXide 
dismutase 

Heparin cofactor proteoglycans 
II 

Retinal survival proteoglycans 
factor speci?c 

receptors 
Heparin-binding proteoglycans 
brain mitogen speci?c 

receptors 
Apolipoprotein, proteoglycans 
e.g. speci?c 
apolipoprotein B receptors 

(e.g., LDL 
receptor) 

Apolipoprotein E LDL receptor 

proteoglycans 
Adhesion- proteoglycans 
promoting 
proteins, 
e.g. Purpurin 
Viral coat proteoglycans 
proteins, 
e.g. HIV, Herpes 
Microbial “Antigen 85” ?bronectin, collagen, 
adhesin compleX of ?brinogen, vitronectin, 

mycobacteria heparan sulfate 
[5-amyloid proteoglycans [5-amyloid accumulates in 
precursor Alzheimer’s disease 

Tenascin, heparan sulfate, 
e.g .tenascin C inte grins 

[0136] 

Vectors comprising non-peptide agonists/antagonists of 
cvtokines/groWth factors/peptide hormones/cell adhesion molecules 

Vector type Receptor Comments/areas of use Ref 

Endothelin Endothelin Vessel Wall 
antagonist receptor 
Desmopressin Vasopressin Kidney 
(vasopressin receptor Vessel Wall 
analogue) 
DemoXytocin OXytocin Reproductive organs, 
(oXytocin Receptor Mammary glands, 
analogue) Brain 
Angiotensin II Angiotensin II Vessel Wall 
receptor receptors brain 
antagonists adrenal gland 
CV-11974, 
TCV-116 
non-peptide RGD- integrins Cells in immune system 
analogues vessel Wall etc. 
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[0137] 

Vectors comprising anti-angiogenic factors 

Vector type Target Comments/areas of use Ref 

Angiostatin EC of tumors plasminogen fragment K 
cartilage-derived EC of tumors J 
inhibitor 

[5-Cyclodextrin tumors, C 
tetradecasulfate in?ammation 
fumagillin and analogs tumors, E 

in?ammation 
Interferon-0L EC of tumors K 
Interferon-y EC of tumors E 
interleukin-12 EC of tumors E 

linomide tumors, A 
in?ammation 

medroXyprogesterone EC of tumors K 
metalloproteinase EC of tumors K 
inhibitors 

pentosan polysulfate EC of tumors K 
platelet factor 4 EC of tumors M 
Somatostatin EC of tumors K 

Suramin EC of tumors K 

TaXol EC of tumors K 

thalidomide EC of tumors K 

Thrombospondin EC of tumors K 

[0138] 

Vectors comprising angiogenic factors 

Comments/areas of 
Vector type Target use Ref 

acidic ?broblast groWth 
factor 
adenosine 
Angiogenin 
Angiotensin II 
basement membrane 
components 
basic ?broblast groWth 
factor 
Bradykinin 
Calcitonin gene-related 
peptide 
epidermal groWth factor 
Fibrin 
Fibrinogen 
Heparin 
histamine 
hyaluronic acid or 
fragments thereof 
Interleukin-10L 
laminin, laminin fragments 
nicotinamide 
platelet activating factor 
Platelet-derived endothelial 
groWth factor 
prostaglandins E1, E2 
spermine 
spermine 
Substance P 
transforming groWth 
factor-0L 
transforming groWth 
factor-[5 
Tumor necrosis factor-0L 

EC of tumors 

EC of tumors 
EC of tumors 
EC of tumors 

tumors 

EC of tumors 

EC of tumors 
EC of tumors 

EC of tumors 
tumors 

tumors 

EC of tumors 
EC of tumors 
EC of tumors 

EC of tumors 
EC of tumors 
EC of tumors 
EC of tumors 
EC of tumors 

EC of tumors 
EC of tumors 
EC of tumors 
EC of tumors 
EC of tumors 

EC of tumors 

EC of tumors 

e.g., tenascin, 
collagen IV 

W W WWWWW WWWWW WWWWWW WW W ZWWW W 
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Vectors comprising angiogenic factors 

Comments/areas of 
Vector type Target use Ref 

vascular endothelial groWth EC of tumors K 
factor/vascular permeability 
factor 
vitronectin A 

[0139] 

Vector molecules other than recognized angiogenetic 
factors With knoWn af?nity for receptors associated 

With angiogene 1' 

Vector type Target Comments/areas of use Ref 

angiopoietin tumors, B 
in?ammation 

0L2—antiplasmin tumors, 
in?ammation 

combinatorial tumors, for instance: compounds 
libraries, compounds in?ammation that bind to basement 
from membrane after degradation 
endoglin tumors, D 

in?ammation 
endosialin tumors, 

in?ammation 
endostatin (collagen tumors, M 
fragment) in?ammation 
Factor VII related tumors, D 
antigen in?ammation 
?brinopeptides tumors, ZC 

in?ammation 
?broblast groWth tumors, E 
factor, basic in?ammation 
hepatocyte groWth tumors, I 
factor in?ammation 
insulin-like groWth tumors, R 
factor in?ammation 
interleukins tumors, e.g.,: IL-8 I 

in?ammation 
leukemia inhibitory tumors, A 
factor in?ammation 
metalloproteinase tumors, e.g., batimastat E 
inhibitors in?ammation 
Monoclonal antibodies tumors, for instance: to 

in?ammation angiogenetic factors or 
their receptors, or to 
components of the 
?brinolytic system 

peptides, for instance tumors, B, Q 
cyclic RGDDFV in?ammation 
placental groWth factor tumors, J 

in?ammation 
placental tumors, E 
proliferin-related in?ammation 
protein 
plasminogen tumors, M 

in?ammation 
plasminogen activators tumors, D 

in?ammation 
plasminogen activator tumors, U, V 
inhibitors in?ammation 
platelet activating tumors, inhibitors of angiogenesis A 
factor antagonists in?ammation 
platelet-derived groWth tumors, E 
factor in?ammation 
pleiotropin tumors, ZA 

in?ammation 
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Vector molecules other than recognized angiogenetic 
factors With known a?inity for receptors associated 

With angiogenesis 

Vector type Target Comments/areas of use Ref 

proliferin tumors, E 
in?ammation 

proliferin related tumors, E 
protein in?ammation 
selectins tumors, e.g., E—selectin D 

in?ammation 
SPARC tumors, M 

in?ammation 
snake venoms tumors, Q 
(RGD-containing) in?ammation 
Tissue inhibitor of tumors, e g,, TIMP-2 U 
metalloproteinases in?ammation 
thrombin tumors, H 

in?ammation 
thrombin-receptor- tumors, H 
activating in?ammation 
tetradecapeptide 
thymidine tumors, D 
phosphorylase in?ammation 
tumor groWth factor tumors, ZA 

in?ammation 

[0140] 

Receptors/targets associated With angiogenesis 

Vector type Target Comments/areas of use Ref 

biglycan tumors, dermatan sulfate X 
in?ammation proteoglycan 

CD34 tumors, L 
in?ammation 

CD44 tumors, F 
in?ammation 

collagen type I, IV, tumors, A 
VI, VIII in?ammation 
decorin tumors, dermatan sulfate Y 

in?ammation proteoglycan 
dermatan sulfate tumors, X 
proteoglycans in?ammation 
endothelin tumors, G 

in?ammation 
endothelin receptors tumors, G 

in?ammation 
?bronectin tumors P 

Flk-l/KDR, Flt-4 tumors, VEGF receptor D 
in?ammation 

FLT-1 (fms-like tumors, VEGF-A receptor O 
tyrosine kinase) in?ammation 
heparan sulfate tumors, P 

in?ammation 
hepatocyte groWth tumors, I 
factor receptor (c-met) in?ammation 
insulin-like groWth tumors, R 
factor/mannose-E- in?ammation 
phosphate receptor 
integrins: Tumors, D, 
[53 and [55, in?ammation P 
integrin (1v[53, 
integrin (1651, 
integrins 0L6, 
integrins [51, 
integrin (1251, 
integrin (1v[53, 
integrin 0L5 

laminin receptor 

subunit of the ?bronectin 
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Receptors/targets associated With angiogenesis 

Vector type Target Comments/areas of use Ref 

integrin OLVBS, receptor 
?brin receptors. 
Intercellular adhesion tumors, P 
molecule-1 and —2 in?ammation 
Jagged gene product tumors, T 

in?ammation 
Ly-6 tumors, a lymphocyte activation N 

in?ammation protein 
matriX tumors, D 
metalloproteinases in?ammation 
MHC class II tumors, 

in?ammation 
Notch gene product tumors, T 

in?ammation 
Osteopontin tumors Z 
PECAM tumors, alias CD31 P 

in?ammation 
plasminogen activator tumors, ZC 
receptor in?ammation 
platelet-derived groWth tumors, E 
factor receptors in?ammation 
Selectins: E—, P- tumors, D 

in?ammation 
Sialyl LeWis-X tumors, blood group antigen M 

in?ammation 
stress proteins: tumors, molecular chaperones 
glucose regulated, in?ammation 
heat shock families 
and others 
syndecan tumors, T 

in?ammation 
thrombospondin tumors, M 

in?ammation 
TIE receptors tumors, tyrosine kinases With Ig- E 

in?ammation and EGF-Iike 
domains 

tissue factor tumors, Z 
in?ammation 

tissue inhibitor of tumors, e.g., TIMP-2 U 
metalloproteinases in?ammation 
transforming groWth tumors, E 
factor receptor in?ammation 
urokinase-type tumors, D 
plasminogen activator in?ammation 
receptor 
Vascular cellular tumors, D 
adhesion molecule in?ammation 

(VCAM) 
Vascular endothelial tumors, 
groWth factor related in?ammation 
protein 
Vascular endothelial tumors, K 
groWth factor-A in?ammation 
receptor 
von Willebrand factor- tumors, L 
related antigen in?ammation 

[0141] 

Oligonucleotide vectors 

Vector type Receptor Comments/areas of use Ref 

Oligonucleotides DNA made Tumours 
complementary to available by Myocardial infarction 
repeated necrosis All other diseases that 
sequences, e.g. involves necrosis 
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Oligonucleotide vectors 

Vector type Receptor Comments/areas of use Ref 

genes for 
ribosomal RNA, 
Alu-sequences 
Oligonucleotides DNA made Tumours 
complementary to available by 
disease-speci?c necrosis in a 
mutations (e.g. region of the 
mutated relevant disease 
oncogenes). 
Oligonucleotides DNA of infective Viral or bacterial 
complementary to agent infections 
DNA of infecting 
agent. 
Triple or As in above As in above eXamples 
quadruple-helix eXamples 
forming 
oligonucleotides 
Oligonucleotides DNA-binding Tumours 
With recognition protein, e.g. Activated endothelium 
sequence for transcription Activated immune 
DNA-or RNA- factors (often cells 
binding proteins overeXpressed/ 

activated in 
tumours or 

activated 
endothelium/ 
immune cells 

[0142] 

Modi?ed oligonucleotide vectors 

Vector type Receptor Comments/areas of use Ref 

Phosphorothioate As for As for unmodi?ed oligos 
oligos unmodi?ed 

oligos 
2'—O—methyl As for As for unmodi?ed oligos 
substituted unmodi?ed 
oligos oligos 
circular oligos As for As for unmodi?ed oligos 

unmodi?ed 
oligos 

oligos As for As for unmodi?ed oligos 
containing unmodi?ed 
hairpin oligos 
structure to 

decrease 
degradation 
oligos With As for As for unmodi?ed oligos 
terminal unmodi?ed 
phosphorothioate oligos 
2'—fluoro oligos As for As for unmodi?ed oligos 

unmodi?ed 
oligos 

2'—amino oligos As for As for unmodi?ed oligos 
unmodi?ed 

oligos 
DNA-binding As for Increased binding a?inity 
drugs conjugated unmodi?ed as compared to pure oligos 
to oligos (for oligos 
examples, see 

beloW) 
Peptide Nucleic As for Increased binding a?inity 
Acids (PNAs, unmodi?ed and stability compared to 
oligonucleotides oligos standard oligos. 
With a peptide 

backbone) 
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[0143] 

Nucleoside and nucleotide vectors 

Vector type Receptor Comments/areas of use Ref 

Adenosine or Adenosine Vessel Wall 

analogues receptors Heart 
ADP, UDP, UTP Various Many tissues, e.g. brain, 
and others nucleotide spinal cord, kidney, spleen 

receptors 

[0144] 

Receptors comprising DNA-binding drugs 

Vector type Receptor Comments/areas of use Ref 

acridine DNA made Tumours, 
derivatives available by Myocardial infarction and 
distamycin necrosis all other diseases involving 
netropsin necrosis or other processes 
actinomycin D liberating DNA from cells 
echinomycin 
bleomycin etc. 

[0145] 

Receptors comprising protease substrates 

Vector type Receptor Comments/areas of use Ref 

Peptidic or non- Cathepsin B Tumours, a variety of Which 
peptidic may more or less speci?cally 
substrates overeXpress proteases of 

various kinds, e. g. 
Cathepsin B 

[0146] 

Receptors comprising protease inhibitors 

Vector type Receptor Comments/areas of use Ref 

Peptidic or non- Cathepsin B Tumours, a variety 
peptidic of Which may more or 
inhibitors less speci?cally 
e.g. N-acetyl- overeXpress proteases 
Leu-Leu- of various kinds, 
norleucinal e.g. Cathepsin B 
bestatin Aminopeptidases Tumours, 
([(2S,3R)-3 
Amino-2-hydroxy 
4-phenyl 
butanoyl]-L— 
leucine 
hydrochloride) 
Pefabloc (4-(2- Tumours, 
aminoethyl)— vessel Wall 
benzenesulfonyl etc. 
?uoride 
hydrochloride) 
Commercially 
available 

eg on cell surfaces 

Serine proteases 

Angiotensin Endothelial cells 
converting 






























































































